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(54) Polyester pellets and process for preparing the same 

(57) A polyester pellets formed from a polyester which comprises dicarboxylic acid constituent units derived from 
terephthalic acid and isophthalic acid and diol constituent units derived from ethylene glycol and 1,3-bis (2-hydrox- 
yethoxy) benzene, and which has the following properties: 

15 to 99.5% by mol of constituent units derived from terephthalic acid and 0.5 to 85% by mol of constituent units 

derived from isophthalic acid, based on the total amount of dicarboxylic acid constituent units, 

25 to 99.5 % by mol of constituent units derived from ethylene glycol and 0.5 to 75% by mol of constituent units 

derived from 1,3-bis (2-hydroxyethoxy) benzene, based on the total amount of diol constituent units, 

an intrinsic viscosity of 0.5 to 1.5 dl/g, and 

a melting point (Tm (°C)), as measured by a differential scanning calorimeter, which satisfies the following formula 
(I): 



[1/527 -0.0017-1 ntHmj+m^OO)]' -273<Tm<265 



(I) 



wherein m, is the proportion (% by mol) of constituent units derived from isophthalic acid to the total amount of 
dicarboxylic acid constituent units, and m B is the proportion (% by mol) of constituent units derived from 1,3-bis 
(2-hydroxyethoxy) benzene to the total amount of diol constituent units; 
said polyester pellet having a density of not less than 1 ,350 kg/m 3 . 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to novel polyester pellets and a process for preparing the polyester pellets. 
More particularly, the invention relates to polyester pellets having excellent gas barrier properties, transparency and 
heat resistance and to a process for preparing the polyester pellets. 

BACKGROUND OF THE INVENTION 

10 

[0002] Because of their excellent gas barrier properties, transparency and mechanical strength, saturated polyesters 
such as polyethylene terephthalate are widely used for containers such as bottles. Particularly, the bottles obtained by 
biaxial stretching blow molding (draw blow molding ) of polyethylene terephthalate are excellent in transparency, me- 
chanical strength, heat resistance and gas barrier properties, so that they have been extensively used as containers 

15 (PET bottles) to be filled with drinks such as juice, soft drinks and carbonated beverages. 

[0003] Such bottles are generally produced by a process comprising molding a saturated polyester into a preform 
having a neck part and a body part, inserting the preform in a mold of given shape, and subjecting the preform to 
stretching blow molding to stretch the body part, thereby producing a bottle having a neck part and an oriented body part. 
[0004] The polyester bottles, particularly polyester bottles for drinks such as juice, are required to have heat resist- 

20 ance high enough for heat sterilization of the contents therein, and therefore the bottles are generally further subjected 
to heat treatment (heat setting) after the blow molding to improve the heat resistance. 

[0005] In the polyester bottles obtained by the above process, the neck parts are unstretched and inferior to the 
stretched body parts in the mechanical strength and the heat resistance. In general, therefore, the neck parts of the 
preforms are heated to crystallize prior to the blow molding, or the necks of the bottles obtained by blow molding are 

25 heated to crystallize, thereby improving the neck parts in the mechanical strength and the heat resistance. 

[0006] In recent years, the sizes of bottles produced from the polyester resins (particularly polyethylene terephthalate) 
tend to be made smaller. In case of such small-sized bottles, the contact area between the contents and the bottle 
body part per unit volume is increased, and thus loss of gas or permeation of oxygen from the outside may have a 
marked influence on the contents, resulting in decrease of shelf life of the contents. Accordingly, the polyester resins 

30 are required to have more excellent gas barrier properties than before. 

[0007] In order to improve the heat resistance and the gas barrier properties of the polyester resins, an attempt to 
blend polyethylene terephthalate with polyethylene isophthalate has been proposed (see Japanese Patent Publication 
No. 22302/1989). The blend of polyethylene terephthalate and polyethylene isophthalate, however, generates acetal- 
dehyde when it is melt kneaded at a high temperature to improve compatibility, and this causes problems such as 

35 change of taste of the contents filled in the container and lowering of transparency. Further, the polyethylene isoph- 
thalate adheres to the screw to prolong the residence time, and this causes another problem of scorching. Furthermore, 
when polyethylene isophthalate is amorphous, polyethylene terephthalate is required to be dried by an ordinary drier, 
then cooled and blended in a dry state with the polyethylene isophthalate, followed by molding the blend. Therefore, 
the cost of equipment for various steps from drying to molding is great, and much space is necessary for the equipment. 

40 [0008] To cope with the above problems, there has been proposed a polyester comprising ethylene glycol and a 
dicarboxylic acid component which comprises terephthalic acid as a major ingredient and isophthalic acid. This poly- 
ester, however, does not always have sufficient heat resistance and gas barrier properties and sometimes generates 
acetaldehyde. Accordingly, development of polyesters having further improved heat resistance and gas barrier prop- 
erties and hardly generating acetaldehyde is desired. 

45 

OBJECT OF THE INVENTION 

[0009] The present invention has been made with a view to solving such problems in the prior art as mentioned 
above, and it is an object of the invention to provide crystallized polyester pellets having excellent gas barrier properties, 
so transparency and heat resistance and hardly generating acetaldehyde and to provide a process for preparing the 
polyester pellets. 

SUMMARY OF THE INVENTION 

55 [0010] The novel polyester pellets according to the invention are polyester pellets made of a polyester which com- 
prises dicarboxylic acid constituent units derived from dicarboxylic acids containing terephthalic acid and isophthalic 
acid and diol constituent units derived from diols containing ethylene glycol and 1 ,3-bis(2-hydroxyethoxy)benzene, and 
which has the following properties: 



2 
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constituent units derived from terephthalic acid are 15 to 99.5 % by mol and constituent units derived from isopfv 
thalic acid are 0.5 to 85 % by mol, both based on the total amount of the dicarboxylic acid constituent units (i), 
constituent units derived from ethylene glycol are 25 to 99.5 % by mol and constituent units derived from 1,3-bis 
(2-hydroxyethoxy)benzene are 0.5 to 75 % by mol, both based on the total amount of the diol constituent units (ii), 
5 the intrinsic viscosity is in the range of 0.5 to 1 .5 dl/g, and 

the melting point (Tm (°C)), as measured by a differential scanning calorimeter, satisfies the following formula (I): 

^m27^^7An^-{rr\ l -*m B )f2D0)]' y '2r3 < Tm < 265 (I) 

10 

wherein m, is a proportion (% by mol) of the constituent units derived from isophthalic acid to all of the dicarboxylic 
acid constituent units, and m B is a proportion (% by mol) of the constituent units derived from 1 ,3-bis(2-hydrox- 
yethoxy)benzene to all of the diol constituent units; 
said polyester pellets having a density of not less than 1 ,350 kg/m 3 . 

15 

[0011] The melting point (Tm (°C)) of the polyester desirably satisfies the following formula (!'): 

[1/527-0.001 7.ln(1-(m,+m B )/200)]" 1 -270 < Tm < 265 (!')• 

20 

[0012] The acetaldehyde content in the polyester pellets is preferably not more than 20 ppm, particularly preferably 
not more than 10 ppm. 

[001 3] The process for preparing polyester pellets according to the invention comprises 

25 blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 to 

0.8 dl/g, in an amount of 99 to 20 % by weight, with (B) a polyethylene isophthalate copolymer before solid phase 
polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80 % by weight, said polyethylene 
isophthalate copolymer comprising dicarboxylic acid constituent units derived from dicarboxylic acids containing 
terephthalic acid and isophthalic acid and diol constituent units derived from diols containing ethylene glycol and 

30 1 ,3-bis(2-hydroxyethoxy)benzene, 

pelletizing the blend, and 
crystallizing the pellets. 

[0014] It is preferable that the blend is heated to precrystallize it and then subjected to solid phase polymerization. 
35 [0015] The blend preferably has a heat-up crystallizing temperature of not higher than 190 °C. 
[0016] Another process for preparing polyester pellets according to the invention comprises 

blending (C) polyethylene terephthalate after solid phase polymerization having an intrinsic viscosity of 0.5 to 1 .5 
dl/g, in an amount of 99 to 20 % by weight, with (B) a polyethylene isophthalate copolymer before solid phase 

4 ° polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80 % by weight, said polyethylene 

isophthalate copolymer comprising dicarboxylic acid constituent units derived from dicarboxylic acids containing 
terephthalic acid and isophthalic acid and diol constituent units derived from diols containing ethylene glycol and 
1 , 3-bis(2-hydroxyethoxy )benzene, 
pelletizing the blend, and 

45 crystallizing the pellets. 

[0017] In the present invention, the blend may be subjected to solid phase polymerization after the crystallization. 
[0018] In any of the above-described processes for preparing polyester pellets according to the invention, the poly- 
ethylene isophthalate copolymer (B) preferably has the following properties: 

50 

constituent units derived from isophthalic acid to all of the dicarboxylic acid are 50 to 98 % by mol and constituent 
units derived from terephthalic acid are 2 to 50 % by mol, both based on the total amount of dicarboxylic acid 
constituent units (i), and 

constituent units derived from ethylene glycol are 15 to 99 % by mol and constituent units derived from 1,3-bis 
55 (2-hydroxyethoxy)benzene are 1 to 85 % by mol, both based on the total amount of diol constituent units (ii). 
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DETAILED DESCRIPTION OF THE INVENTION 

[0019] The polyester pellets according to the invention and the process for preparing the polyester pellets are de- 
scribed in detail hereinafter. 

5 

Novel polyester pellets 

[0020] The polyester pellets of the invention are made of a polyester which comprises dicarboxylic acid constituent 
units derived from dicarboxylic acids containing terephthalic acid and isophthalic acid and diol constituent units derived 
10 from diols containing ethylene glycol and 1 ,3-bis(2-hydroxyethoxy)benzene. 

[0021] It is desirable that the dicarboxylic acid constituent units comprise constituent units derived from terephthalic 
acid in amounts of 15 to 99.5 % by mol, preferably 50 to 99 % by mol, and constituent units derived from isophthalic 
acid in amounts of 0.5 to 85 % by mol, preferably 1 to 50 % by mol, both based on the total amount of dicarboxylic 
acid constituent units. 

ts [0022] The polyester may contain constituent units derived from dicarboxylic acids other than the isophthalic acid 
and the terephthalic acid in amounts of less than 20 % by mol, within limits not prejudicial to the object of the invention. 
[0023] Examples of other dicarboxylic acids which may be contained in amounts of less than 20 % by mol include: 

aromatic dicarboxylic acids, such as phthalic acid (orthophthalic acid), 2,6-naphthalenedicarboxylic acid, 2,7-naph- 
20 thalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, diphenyldicarboxylic acid and diphenoxyethanedicar- 

boxylic acid; 

aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, adipic acid, sebacic acid, azelaic acid and decan- 
edicarboxylic acid; and 

alicyclic dicarboxylic acids, such as cyclohexanedicarboxylic acid. 

25 

[0024] Also employable are ester derivatives of these dicarboxylic acids, and these dicarboxylic acids or their ester 
derivatives can be used in combination of two or more kinds. 

[0025] It is desirable that the diol constituent units comprise constituent units derived from ethylene glycol in amounts 
of 25 to 99.5 % by mol, preferably 35 to 99.5 % by mol, more preferably 50 to 99.5 % by mol, and constituent units 
30 derived from 1 ,3-bis(2-hydroxyethoxy)benzene in amounts of 0.5 to 75 % by mol, preferably 0.5 to 65 % by mol, more 
preferably 0.5 to 50 % by mol, both based on the total amount of diol constituent units. 

[0026] The polyester may contain constituent units derived from diols other than the ethylene glycol and the 1 ,3-bis 
(2-hydroxyethoxy)benzene in amounts of less than 1 5 % by mol, within limits not prejudicial to the object of the invention. 
[0027] Examples of other diols which may be contained in amounts of less than 15 % by mol include: 

35 

aliphatic glycols, such as diethylene glycol, triethylene glycol, tetraethylene glycol, trimethylene glycol, propylene 
glycol, butanediol, pentanediol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol; 
alicyclic glycols, such as cyclohexanedimethanol; 

glycols containing aromatic groups, such as 1,2-bis(2-hydroxyethoxy)benzene and 1 ,4~(2-hydroxyethoxy)ben- 
40 zene; and 

aromatic diols, such as bisphenols, hydroquinone and 2,2-bis(4-p-hydroxyethoxyphenyl)propane. 

[0028] Also employable are ester derivatives of these diols, and these diols or their ester derivatives can be used in 
combination of two or more kinds. 

45 [0029] Of these diols, preferable is diethylene glycol. 

[0030] The polyester may further contain units derived from polyf unctional carboxy lie acids having 3 or more carboxyl 
groups and polyhydric alcohols having 3 or more hydroxyl groups within limits not prejudicial to the object of the in- 
vention. Specifically, the units derived from the polyfunctional carboxylic acids and/or the units derived from the poly- 
hydric alcohols may be contained in amounts of 0.01 to 5 % by mol, preferably 0.05 to 3 % by mol, more preferably 

so 0. 1 to 1 .5 % by mol, independently, based on 1 00 % by mol of the dicarboxylic acid units. 

[0031] It is desirable that the polyester for forming the pellets of the invention has an intrinsic viscosity (r|), as meas- 
ured in o-chlorophenol at 25 °C, of 0.50 to 1 .5 dl/g, preferably 0.60 to 1 .5 dl/g, more preferably 0.7 to 0.9 dl/g. 
[0032] The melting point (Tm (°C)) of the polyester, as measured by a differential scanning calorimeter, satisfies the 
following formula (I) : 

55 

[1/527-0.0017.|n(1-(m,+m B )/200)]* 1 -273 < Tm < 265 (I) 



4 



EP 0 939 095 A2 

wherein m, is a proportion (% by mol) of the constituent units derived from isophthalic acid to all of the dicarboxylic 
acid constituent units, and m B is a proportion (% by mol) of the constituent units derived from 1 ,3-bis(2-hydroxyethoxy) 
benzene to all of the diol constituent units. 

[0033] It is preferable that the melting point (Tm (°C)) satisfies the following formula (P): 

5 

[l^y-O.OOU.InfHm^m^OO)]* 1 ^ < Tm < 265 (!'). 

[0034] In the formulas (I) and (I'), Tm is preferably not higher than 257 °C : more preferably not higher than 254 °C. 
10 [0035] The polyester pellets made of such a polyester have a density of not less than 1 ,350 kg/m 3 , preferably not 
less than 1,355 kg/m 3 , more preferably not less than 1,360 kg/m 3 , still more preferably not less than 1,380 kg/m 3 . 
[0036] The polyester desirably has a heat-up crystallizing calorific value of usually not less than 5 J/g, preferably 7 
to 40 J/g. 

[0037] The polyester pellets of the invention desirably have an acetaldehyde content of not more than 20 ppm, 

* 5 particularly not more than 10 ppm. 

[0038] There is no specific limitation on the size and the shape of the polyester pellets of the invention, and they are 
determined appropriately to the use application of the pellets. Examples of the pellet shapes include column-like, elliptic 
cylindrical, spherical and elliptic spherical shapes. Although the pellet size is not specifically limited, the average di- 
ameter of the pellets is usually in the range of about 2.0 to 5.0 mm. 

20 [0039] The polyester pellets of the invention can be prepared by the later-described process (1 ) or (2). 

[0040] The polyester pellets may optionally contain additives commonly added to polyesters, such as colorants, 
antioxidants, oxygen absorbents, ultraviolet light absorbers, antistatic agents and flame retardants. In the polyester 
pellets, recycled PET may be arbitrarily blended. The polyester pellets may furthermore contain resins other than 
polyesters, such as polyethylene, ionomers, polypropylene and polyester elastomers, if desired. 

25 [0041] The polyester pellets of the invention can be used as a material of various molded products such as preforms, 
bottles, (oriented) films and sheets. These molded products may be laminated ones having at least one layer formed 
from the polyester pellets of the invention or having at least one layer formed from a blend of the polyester pellets of 
the invention and another resin. This layer may be any of inner, outer and intermediate layers. Examples of resins for 
forming other layers include polyesters, such as polyethylene terephthalate and polyethylene isophthalate; polyamides, 

30 such as nylon 6; and ethylene/vinyl acetate copolymers. Of these, polyethylene terephthalate is particularly preferable. 
[0042] Bottles produced from the polyester pellets are excellent in gas barrier properties, transparency and heat 
resistance. Moreover, the bottles hardly generate acetaldehyde, so that the taste of the contents such as juice does 
not deteriorate. 

[0043] Next, the process for preparing polyester pellets according to the invention is described. 

35 

Process (1 ) for preparing polyester pellets 

[0044] The process for preparing polyester pellets according to the invention comprises 

40 blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 to 

0.8 dl/g, in an amount of 99 to 20 % by weight, with (B) a polyethylene isophthalate copolymer before solid phase 
polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80 % by weight, 
palletizing the blend, 
crystallizing the pellets, 

4 $ and preferably 

further subjecting the pellets to solid phase polymerization. 

(A) Polyethylene terephthalate 

50 [0045] The polyethylene terephthalate (A) for use in the invention comprises dicarboxylic acid units derived from 
terephthalic acid or its ester derivative and diol units derived from ethylene glycol or its ester derivative. 
[0046] The dicarboxylic acid units in the polyethylene terephthalate (A) contain terephthalic acid units in amounts of 
not less than 80 % by mol, preferably 85 to 100 % by mol, based on 100 % by mol of the dicarboxylic acid units. 
[0047] Examples of other dicarboxylic acids which may be contained in amounts of not more than 20 % by mol include: 



55 



aromatic dicarboxylic acids, such as phthalic acid (orthophthalic acid), isophthalic acid, 2,6-naphthalenedicarbo- 
xylic acid, 2,7-naphthalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, diphenyldicarboxylic acid and 
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diphenoxyethanedicarboxylic acid; 

aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, adipic acid, sebacic acid, azelaic acid and decan- 
edicarboxylic acid; and 

alicyclic dicarboxylic acids, such as cyclohexanedicarboxylic acid. 

5 

[0048] Also employable are ester derivatives of these dicarboxylic acids, and these dicarboxylic acids or their ester 
derivatives can be used in combination of two or more kinds. 
[0049] Of these dicarboxylic acids, isophthalic acid is preferable. 

[0050] The diol units of the polyethylene terephthalate (A) desirably contain ethylene glycol units in amounts of not 
w less than 80 % by mol, preferably 85 to 100 % by mol, based on 100 % by mol of the diol units. 

[0051] Examples of other diols which may be contained in amounts of not more than 20 % by mol include 1 

aliphatic glycols, such as diethylene glycol, triethylene glycol, tetraethylene glycol, trimethylene glycol, propylene 
glycol, butanediol, pentanediol. neopentyl glycol, hexamethylene glycol and dodecamethylene glycol; 
15 alicyclic glycols, such as cyclohexanedimethanol; 

glycols containing aromatic groups, such as 1 : 2-bis(2-hydroxyethoxy)benzene, 1,3-bis(2-hydroxyethoxy)benzene 
and 1,4-(2-hydroxyethoxy)benzene; and 

aromatic diols, such as bisphenols, hydroquinone and 2,2-bis(4-(5-hydroxyethoxyphenyl)propane. 

20 [0052] Also employable are ester derivatives of these diols, and these diols or their ester derivatives can be used in 
combination of two or more kinds. 

[0053] Of these diols, preferable are diethylene glycol and cyclohexanedimethanol. 

[0054] The polyethylene terephthalate for use in the invention may further contain units derived from polyfunctional 
carboxylic acids having 3 or more carboxyl groups and polyhydric alcohols having 3 or more hydroxyl groups, within 
25 limits not prejudicial to the object of the invention. Examples of polyfunctional carboxylic acids are trimesic acid and 
pyromellitic anhydride, and examples of polyhydric alcohols are glycerol, 1,1,1 -trimethylolethane, 1 ,1 ,1 -trimethylolpro- 
pane, 1,1 ,1-trimethylolmethane and pentaerythritol. 

[0055] The polyethylene terephthalate (A) for use in the invention is substantially linear, and this can be confirmed 
by the fact that the polyethylene terephthalate (A) is dissolved in o-chlorophenol. 
30 [0056] The polyethylene terephthalate (A) desirably has an intrinsic viscosity (r|), as measured in o-chlorophenol at 
25 °C, of 0.3 to 0.8 dl/g, preferably 0.35 to 0.75 dl/g, and is a product obtained after liquid phase polymerization and 
before solid phase polymerization. 

[0057] It is desirable that the polyethylene terephthalate (A) has a melting point, as measured by a differential scan- 
ning calorimeter (DSC, heating rate: 10 °C/min), of usually 210 to 265 °C : preferably 220 to 260 °C. and has a glass 
35 transition temperature of usually 50 to 120 °C, preferably 60 to 100 °C. 

[0058] The polyethylene terephthalate (A) may be precrystallized, if necessary. The precrystallization can be carried 
out by heating the polyethylene terephthalate (A) at a temperature ol usually 1 00 to 220 °C, preferably 1 30 to 200 °C, 
for about 1 to 360 minutes. 

[0059] The polyethylene terephthalate (A) can be prepared by a conventional process. For example, the aforesaid 
40 dicarboxylic acid and diol are directly esterified and then melt polycondensed in the presence of a polycondensation 
catalyst such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., antimony trioxide, 
antimony acetate) or a titanium compound (e.g. , titanium tetraalkoxide). In another example to prepare the polyethylene 
terephthalate (A), an ester of the dicarboxylic acid and the diol are subjected to transesterification in the presence of 
a transesterification catalyst such as a titanium alkoxide (e.g., titanium tetrabutoxide, titanium isopropoxide) or a metallic 
45 salt of acetic acid (e.g., cobalt acetate, zinc acetate, magnesium acetate, manganese acetate, calcium acetate) . Pref- 
erable transesterification catalysts are titanium tetrabutoxide and zinc acetate. Thereafter, the transesteriffication prod- 
uct is subjected to melt polycondensed in the presence of a polycondensation catalyst such as a germanium compound 
(e.g. germanium dioxide), an antimony compound (e.g., antimony trioxide, antimony acetate) or a titanium compound 
(e.g., titanium tetraalkoxide). The polycondensation catalyst is desirably used in an amount of 0.0005 to 0.1 part by 
50 weight, preferably 0.001 to 0.05 part by weight, based on 100 parts by weight of the total of the dicarboxylic acid (or 
the dicarboxylic ester) and the diol. 

(B) Polyethylene isophthalate copolymer 

55 [0060] The polyethylene isophthalate copolymer (B) for use in the invention comprises dicarboxylic acid constituent 
units derived from dicarboxylic acids containing terephthalic acid and isophthalic acid and diol constituent units derived 
from diols containing ethylene glycol and 1,3-bis(2-hydroxyethoxy)benzene. 

[0061] The dicarboxylic acid constituent units desirably comprise constituent units derived from isophthalic acid in 
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amounts of 50 to 98 % by mol, preferably 60 to 95 % by mol, and constituent units derived from terephthalic acid in 
amounts of 2 to 50 % by mol, preferably 5 to 40 % by mol, based on the total amount of all of the dicarboxylic acid 
constituent units. 

[0062] The polyethylene isophthalate copolymer (B) may further contain constituent units derived from dicarboxylic 
5 acids other than the isophthalic acid and the terephthalic acid in amounts of less than 15 % by mol, within limits not 
prejudicial to the object of the invention. 

[0063] Examples of other dicarboxylic acids which may be contained in amounts of less than 15 % by mol include: 

aromatic dicarboxylic acids, such as phthalic acid (orthophthalic acid), 2,6-naphthalenedicarboxylic acid, 2,7-naph- 
w thalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, diphenyldicarboxylic acid and diphenoxyethanedicar- 

boxylic acid; 

aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, adipic acid, sebacic acid, azelaic acid and decan- 
edicarboxylic acid; and 

alicyclic dicarboxylic acids, such as cyclohexanedicarboxylic acid. 

15 

[0064] Also employable are ester derivatives of these dicarboxylic acids, and these dicarboxylic acids or their ester 
derivatives can be used in combination of two or more kinds. 

[0065] The diol constituent units desirably comprise constituent units derived from ethylene glycol in amounts of 1 5 
to 99 % by mol, preferably 15 to 90 % by mol, more preferably 20 to 88 % by mol, and constituent units derived from 
20 1 ,3-bis(2-hydroxyethoxy)benzene in amounts of 1 to 85 % by mol, preferably 10 to 85 % by mol, more preferably 12 
to 80 % by mol, based on the total amount of all of the diol constituent units. 

[0066] The polyethylene isophthalate copolymer (B) may further contain constituent units derived from diols other 
than the ethylene glycol and the 1,3-bis(2-hydroxyethoxy)benzene in amounts of less than 15 % by mol, within limits 
not prejudicial to the object of the invention. 
25 [0067] Examples of other diols which may be contained in amounts of less than 15 % by mol include: 

aliphatic glycols, such as diethylene glycol, triethylene glycol, tetraethylene glycol, trimethylene glycol, propylene 
glycol, butanediol, pentanediol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol; 
alicyclic glycols, such as cyclohexanedimethanol; 
30 glycols containing aromatic groups, such as 1 ,2-bis(2-hydroxyethoxy)benzene and 1,4-(2-hydroxyethoxy)ben- 

zene; and 

aromatic diols, such as bisphenols, hydroquinone and 2,2-bis(4-p-hydroxyethoxyphenyl)propane. 

[0068] Also employable are ester derivatives of these diols, and these diols or their ester derivatives can be used in 
35 combination of two or more kinds. 

[0069] Of these diols, preferable is diethylene glycol. 

[0070] The polyethylene isophthalate copolymer (B) may further contain units derived from such polyfunctional car- 
boxylic acids having 3 or more carboxyl groups and such polyhydric alcohols having 3 or more hydroxyl groups as 
previously described with respect to the polyethylene terephthalate (A), within limits not prejudicial to the object of the 

40 invention. Specifically, the units derived from the polyfunctional carboxylic acids and/or the units derived from the 
polyhydric alcohols may be contained in amounts of 0.05 to 0.4 % by mol, preferably 0.1 to 0.35 % by mol, more 
preferably 0.2 to 0.35 % by mol, independently, based on 100 % by mol of the dicarboxylic acid units. 
[0071] The polyethylene isophthalate copolymer (B) desirably has an intrinsic viscosity (r|), as measured in o-chlo- 
rophenol at 25 °C, of 0.3 to 0.9 dl/g, preferably 0.35 to 0.85 dl/g, and is a product obtained after liquid phase polym- 

45 erization and before solid phase polymerization. 

[0072] The polyethylene isophthalate copolymer (B) desirably has a glass transition temperature, as measured by 
a differential scanning calorimeter (DSC, heating rate: 10 °C/min), of usually 40 to 120 °C, preferably 50 to 100 °C. 
[0073] The polyethylene isophthalate copolymer (B) may be precrystallized, if necessary, similarly to the polyethylene 
terephthalate (A). 

50 [0074] The polyethylene isophthalate copolymer (B) can be prepared by a conventional process. For example, the 
aforesaid dicarboxylic acid and diol are directly esterified and then melt polycondensed in the presence of a poly- 
condensation catalyst such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., anti- 
mony trioxide, antimony acetate) or a titanium compound (e.g., titanium tetraalkoxide). In another example to prepare 
the polyethylene isophthalate copolymer (B), an ester of the dicarboxylic acid and the diol are subjected to transester- 

55 ification in the presence of a transesterification catalyst such as a titanium alkoxide (e.g., titanium tetrabutoxide, titanium 
isopropoxide) or a metallic salt of acetic acid (e.g., cobalt acetate, zinc acetate, magnesium acetate, manganese ac- 
etate, calcium acetate) . Preferable transesterification catalysts are titanium tetrabutoxide and zinc acetate. Thereafter, 
the transesteriffication product is subjected to melt polycondensed in the presence of a polycondensation catalyst such 
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as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., antimony trioxide. antimony ace- 
tate) or a titanium compound (e.g., titanium tetraalkoxide). 

Blending of polyesters 

5 

[0075] In the process of the invention, 99 to 20 % by weight, preferably 99 to 40 % by weight, more preferably 98 to 
50 % by weight, of the polyethylene terephthalate (A) and 1 to 80 % by weight, preferably 1 to 60 % by weight, more 
preferably 2 to 50 % by weight, of the polyethylene isophthalate copolymer (B) are blended with each other. 
[0076] The blending is carried out by mixing the polyethylene terephthalate (A) with the polyethylene isophthalate 
10 copolymer (B) in the above mixing ratio and melt kneading them at 260 to 310 °C for 2 to 300 seconds. After the 
kneading, the resulting blend is processed into chips (pellets) by means of an extruder or the like. The average diameter 
of the pellets is preferably in the range of 2.0 to 5.0 mm. 

[0077] In the blending of the polyethylene terephthalate (A) with the polyethylene isophthalate copolymer (B), a 
transesterification catalyst and a lubricant may be optionally added. 
75 [0078] Examples of the transesterification catalysts include germanium dioxide, antimony trioxide, antimony acetate, 
manganese acetate, magnesium acetate, cobalt acetate, calcium acetate, zinc acetate and titanium tetrabutoxide. The 
transesterification catalyst is desirably used in an amount of 0.0005 to 0.1 part by weight, preferably 0.001 to 0.05 part 
by weight, based on 100 parts by weight of the blend. 

[0079] Examples of the (external) lubricants include magnesium stearate and calcium stearate. The lubricant may 
20 be externally added in an amount of 0.0005 to 0.1 part by weight, preferably 0.001 to 0.05 part by weight, based on 
100 parts by weight of the blend. 

[0080] The resulting blend desirably has a heat-up crystallizing temperature (Tec) of not higher than 1 90 °C, prefer- 
ably not higher than 180 °C, more preferably 120 to 170 °C. 

[0081] The heat-up crystallizing temperature (Tec) is determined, using a differential scanning calorimeter of DSC- 

25 7 model manufactured by Perkin Elmer Co., in the following manner. 

[0082] A sample of about 10 mg is collected from the center of the chip of the polyester blend which has been dried 
under a pressure of about 1 5 mmHg at about 1 40 °C for at least about 5 hours. The sample is introduced in an aluminum 
pan for liquids of the DSC in a nitrogen atmosphere, and the pan is closed. The sample is first rapidly heated from 
room temperature at a heating rate of 320 °C/min, maintained at 290 °C for 1 0 minutes under melting, thereafter rapidly 

30 cooled to room temperature at a cooling rate of 320 °C/min, maintained at room temperature for 10 minutes and finally 
heated at a heating rate of 10 °C/min, to detect exothermic peaks, and the temperature at the maximum peak is found. 
[0083] The blend desirably has an intrinsic viscosity, as measured in o-chlorophenol at 25 °C, of 0.3 to 0.9 dl/g, 
preferably 0.35 to 0.85 dl/g. 

35 Crystallization of blend 

[0084] The pellets of the blend obtained as above are then crystallized. 

[0085] Crystallization of the pellets is carried out by maintaining the pellets in a dry state at a temperature of not 
lower than the glass transition temperature (Tg) and lower than the melting point, preferably a temperature higher than 
40 Tg by 20 °C and lower than the melting point by 40 °C. for 1 to 300 minutes, preferably 5 to 200 minutes. More 
specifically, the pellets may be heated at a temperature of 80 to 210 °C, preferably 100 to 180 °C. 
[0086] The crystallization can be carried out in air or in an inert gas atmosphere. 
[0087] The polyester blend thus crystallized desirably has a crystallinity of 20 to 50 %. 

[0088] In the crystallization, solid phase polymerization of polyester does not proceed, so that the intrinsic viscosity 
45 of the polyester blend after the crystallization is almost equal to the intrinsic viscosity of the polyester blend before the 
crystallization, and the difference between the intrinsic viscosity of the polyester blend before and after the crystallization 
is usually not more than 0.06 dl/g. 

[0089] By the crystallization of the polyester blend, the acetaldehyde content in the polyester can be decreased. 
[0090] In the present invention, the crystallized blend may be subjected to solid phase polymerization, if desired. 
50 The crystallization conducted before solid phase polymerization is sometimes referred to as "precrystallization". 

[0091] The solid phase polymerization is carried out at a temperature of usually 180 to 230 °C, preferably 190 to 
220 °C. In the solid phase polymerization, the pellets of the blend are desired to be in a dry state, and therefore the 
pellets of the blend may be beforehand dried at a temperature of 80 to 180 °C. 

[0092] The polyester pellets obtained after the solid phase polymerization have an intrinsic viscosity (r|), as measured 
55 in o-chlorophenol at 25 °C, of 0.5 to 1 .5 dl/g, preferably 0.6 to 1 .5 dl/g, more preferably 0.6 to 1 .2 dl/g. It is desirable 
that this intrinsic viscosity is about 1.1 to 2.5 times, preferably 1.2 to 2.0 times, greater than the intrinsic viscosity of 
the blend before the solid phase polymerization. 

[0093] The polyester pellets may be then subjected to a hot water treatment. The hot water treatment can be carried 
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out by immersing the polyester pellets In hot water of 70 to 1 20°C tor 1 to 360 minutes. Through the hot water treatment, 
the catalyst used for the polyester polycondensation reaction can be deactivated. 

[0094] The polyester pellets obtained by the process of the invention may optionally contain additives commonly 
added to polyesters, such as colorants, antioxidants, oxygen absorbents, ultraviolet light absorbers, antistatic agents 
5 and flame retardants. 

[0095] The polyester pellets prepared by the process of the invention can be used as a material of various molded 
products such as preforms, bottles, (oriented) films and sheets. The bottles produced from the polyester pellets are 
excellent in gas barrier properties, transparency and heat resistance. Moreover, the bottles hardly generate acetalde- 
hyde, so that the taste of the contents such as juice does not deteriorate. 

10 

Process (2) for preparing polyester pellets 

[0096] Another process for preparing polyester pellets according to the invention comprises the steps of: 

75 blending (C) polyethylene terephthalate after solid phase polymerization having an intrinsic viscosity of 0.5 to 1 .5 

dl/g, in an amount of 20 to 99 % by weight, with (B) a polyethylene isophthalate copolymer before solid phase 
polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80 % by weight, 
pelletizing the blend, 
crystallizing the pellets, 

20 and preferably 

further subjecting the pellets to solid phase polymerization. 

(C) Polyethylene terephthalate 

25 [0097] The polyethylene terephthalate (C) for use in the invention comprises dicarboxylic acid units derived from 
terephthalic acid or its ester derivative and diol units derived from ethylene glycol or its ester derivative. 
[0098] The dicarboxylic acid units in the polyethylene terephthalate (C) desirably contain terephthalic acid units in 
amounts of not less than 80 % by mol, preferably 85 to 1 00 % by mol, based on 100 % by mol of the dicarboxylic acid 
units. 

30 [0099] Examples of other dicarboxylic acids which may be contained in amounts of not more than 20 % by mol 
include those dicarboxylic acids as previously exemplified with respect to the polyethylene terephthalate (A). Particu- 
larly preferable is isophthalic acid 

[0100] The diol units in the polyethylene terephthalate (C) desirably contain ethylene glycol units in amounts of not 
less than 80 % by mol, preferably 85 to 100 % by mol, based on 100 % by mol of the diol units. 
35 [0101] Examples of other diols which may be contained in amounts of not more than 20 % by mol include those diols 
as previously exemplified with respect to the polyethylene terephthalate (A). Particularly preferable are diethylene 
glycol and cyclohexanedimethanol. 

[0102] The polyethylene terephthalate (C) may further contain units derived Irom polyfunctional carboxylic acids 
having 3 or more carboxyl groups and polyhydric alcohols having 3 or more hydroxyl groups, within limits not prejudicial 
40 to the object of the invention. Examples of polyfunctional carboxylic acids are trimesic acid and pyromellitic anhydride, 
and examples of polyhydric alcohols are glycerol, 1 ,1 ,1-trimethylolethane, 1,1,1-trimethylolpropane, 1,1,1-trimethylol- 
methane and pentaerythritol. 

[0103] The polyethylene terephthalate (C) is substantially linear, and this can be confirmed by the fact that the pol- 
yethylene terephthalate (C) is dissolved in o-chlorophenol. 

45 [0104] The polyethylene terephthalate (C) desirably has an intrinsic viscosity (r|), as measured in o-chlorophenol at 
25 °C, of 0.5 to 1.5 dl/g, preferably 0.6 to 1.1 d!/g, and in a product obtained after solid phase polymerization. 
[0105] It is desirable that the polyethylene terephthalate (C) has a melting point, as measured by a differential scan- 
ning calorimeter (DSC, heating rate: 10 °C/min), of usually 230 to 270 °C. preferably 240 to 260 °C, and has a glass 
transition temperature of usually 58 to 75 °C, preferably 60 to 70 °C. 

50 [0106] The polyethylene terephthalate (C) can be prepared by a conventional process. For example, the aforesaid 
dicarboxylic acid and diol are directly esterified, then melt polycondensed in the presence of a polycondensation catalyst 
such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., antimony trioxide, antimony 
acetate) or a titanium compound (e.g., titanium tetraalkoxide) and subjected to solid phase polymerization. In another 
example to prepare the polyethylene terephthalate (C), an ester of the dicarboxylic acid and the diol are subjected to 

55 transesterification in the presence of a transesterification catalyst such as a titanium alkoxide (e.g., titanium tetrabu- 
toxide, titanium isopropoxide) or a metallic salt of acetic acid (e.g., cobalt acetate, zinc acetate, magnesium acetate, 
manganese acetate, calcium acetate) . Preferable transesterification catalysts are titanium tetrabutoxide and zinc ac- 
etate. Thereafter, the transesteriffication product is subjected to melt polycondensed in the presence of a polyconden- 
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sation catalyst such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., antimony 
trioxide, antimony acetate) or a titanium compound (e.g., titanium tetraalkoxide) and subjected to solid phase polym- 
erization. The solid phase polymerization is carried out by heating the melt polycondensation product at a temperature 
of usually 1 80 to 230 °C, preferably 1 90 to 220 °C. In the solid phase polymerization, the melt polycondensation product 
5 is desired to be in a dry state, and therefore the melt polycondensation product may be beforehand dried at a temper- 
ature of 80 to 180 °C. 

(B) Polyethylene isophthalate copolymer 

w [0107] The polyethylene isophthalate copolymer (B) comprises dicarboxylic acid constituent units derived from di- 
carboxylic acids containing terephthalic acid and isophthalic acid and diol constituent units derived from diols containing 
ethylene glycol and 1,3-bis(2-hydroxyethoxy)benzene. This polyethylene isophthalate copolymer (B) is the same as 
the polyethylene isophthalate copolymer (B) previously described with respect to the process (1 ) of the present inven- 
tion. 

75 

Blending of polyesters 

[0108] In the process of the invention, 99 to 20 % by weight, preferably 99 to 40 % by weight, more preferably 98 to 
50 % by weight, of the polyethylene terephthalate (C) and 1 to 80 % by weight, preferably 1 to 60 % by weight, more 

20 preferably 2 to 50 % by weight, of the polyethylene isophthalate copolymer (B) are blended with each other. 

[0109] The blending is carried out by mixing the polyethylene terephthalate (C) with the polyethylene isophthalate 
copolymer (B) in the above mixing ratio and melt kneading them at 260 to 310 °C for 30 to 300 seconds. After the 
kneading, the resulting blend is pelletized by means of an extruder or the like. The average diameter of the pellets is 
preferably in the range of 2.0 to 5.0 mm. 

25 [0110] In the blending of the polyethylene terephthalate (C) with the polyethylene isophthalate copolymer (B), a 
transesterification catalyst and a lubricant may be added, as described for the process (1) of the invention. 
[0111] The resulting blend desirably has an intrinsic viscosity, as measured in o-chlorophenol at 25 °C, of 0.3 to 0.9 
dl/g, preferably 0.35 to 0.85 dl/g. 

[0112] The blend desirably has a heat-up crystallizing temperature (Tec) of not higher than 170 °C, preferably not 
30 higher than 160 °C, more preferably 100 to 155 °C. 

Crystallization of blend 

[01 1 3] The pellets of the blend obtained as above are then crystallized. 

35 [0114] Crystallization of the pellets is carried out by maintaining the pellets in a dry state at a temperature of not 
lower than the glass transition temperature (Tg) and lower than the melting point, preferably a temperature higher than 
Tg by 20 °C and lower than the melting point by 40 °C, for 1 to 300 minutes, preferably 5 to 200 minutes. More 
specifically, the pellets may be heated at a temperature of 80 to 210 °C, preferably 100 to 180 °C. 
[0115] The crystallization can be carried out in air or in an inert gas atmosphere. 

40 [0116] The polyester blend thus crystallized desirably has a crystallinity of 20 to 50 %. 

[0117] In the crystallization, solid phase polymerization of polyester does not proceed, so that the intrinsic viscosity 
of the polyester blend after the crystallization is almost equal to the intrinsic viscosity of the polyester blend before the 
crystallization, and the difference between the intrinsic viscosity of the polyester blend before and after the crystallization 
is usually not more than 0.06 dl/g. 

45 [0118] In the present invention, the pellets may be subjected to solid phase polymerization after the crystallization 
The solid phase polymerization is carried out at a temperature of usually 180 to 230 °C, preferably 190 to 220 °C, as 
described for the process (1 ). In the solid phase polymerization, the pellets of the blend are desired to be in a dry state, 
and therefore the pellets of the blend may be beforehand dried at a temperature of 80 to 180 °C. 
[0119] The polyester pellets may be then subjected to a hot water treatment, as described for the process (1 ). The 

50 hot water treatment can be carried out by immersing the solid phase polymerization product in hot water of 70 to 1 20 
°C for 1 to 360 minutes. 

[0120] The polyester pellets obtained by the process of the invention may optionally contain additives commonly 
added to polyesters, such as colorants, antioxidants, oxygen absorbents, ultraviolet light absorbers, antistatic agents 
and flame retardants. 

55 [0121] The polyester pellets prepared by the process of the invention can be used as a material of various molded 
products such as preforms, bottles, (oriented) films and sheets. The bottles produced from the polyester pellets are 
excellent in gas barrier properties, transparency and heat resistance. Moreover, the bottles hardly generate acetalde- 
hyde, so that the taste of the contents such as juice does not deteriorate. 
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EFFECT OF THE INVENTION 

[01 22] By the use of the polyester pellets of the invention, a dry feed line of materials to an injection molding machine 
or an extruder can be extremely simplified, so that the cost of equipment can be sharply reduced. Further, molded 
5 products of the polyester pellets can be prominently prevented from scorching even when molding is continuously 
carried out for a long period of time. Moreover, the molded products are excellent in gas barrier properties, transparency 
and heat resistance and have a low content of acetaldehyde. Particularly, bottles of the polyester pellets not only have 
such excellent properties but also exhibit such high strength that delamination hardly takes place even when they are 
cut with a knife. 

10 

EXAMPLE 

[01 23] The present Invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 
15 [0124] In the following examples, properties were evaluated by the methods described below. 

Intrinsic viscosity 

[0125] A sample was dissolved in an o-chlorophenoi solvent to prepare a sample solution having a concentration of 
20 t g/dl, and the solution viscosity of the solution was measured at 25 °C by means of an Ubbelohde capillary viscometer. 
Then, o-chlorophenol was slowly added to the solution to measure solution viscosities on the low concentration side. 
From the obtained data, the viscosity at the concentration of 0 % was extrapolated. 

Carbon dioxide gas permeability constant (gas barrier properties) 

25 

[0126] The carbon dioxide gas permeability constant was measured by means of a gas permeability measuring 
apparatus GPM-250 manufactured by G.L. Science Co. under the conditions of a temperature of 23 °C and a relative 
humidity of 60 %. 

[0127] The film for use in the measurements was prepared in the following manner. 
30 [0128] Oriented film: A film having a thickness of 0.3 mm was prepared by a press molding machine (mold temper- 
ature: 290 °C), and the film was rapidly cooled under the conditions of a cooling mold temperature of 0 °C to give an 
amorphous film. Then, the amorphous film was subjected to simultaneous biaxial orientation (3x3 times) at a tem- 
perature higher by 15 °C than the glass transition temperature (Tg) to obtain an oriented film. 

35 Acetaldehyde content 

[01 29] From the molded product, a sample of about 2 g was collected, and the sample was freeze crushed by means 
of a freeze crusher (manufactured by SPEX Co.) to obtain a powdered sample. Then, 1 g of the powdered sample was 
introduced into a vial, and 2 ml of distilled water was added thereto, followed by sufficiently mixing them. After the vial 
^0 was capped, it was heated at 120 °C for 1 hour. Then, the vial was cooled in ice water and 5 uJ of the supernatant 
was measured on the acetaldehyde content by gas chromatography (GC-6A manufactured by Shimazu Seisakusho 
K.K.). 

Heat-up crystallization calorific value 

45 

[01 30] In this measurement, a differential scanning calorimeter (DSC) manufactured by Perkin Elmer Co. was used. 
[0131] A sample of 10 mg was weighed and introduced into a sample pan. In a nitrogen atmosphere, the sample 
was heated from room temperature up to 290 °C at a heating rate of 320 °C/rr\m, then maintained for 10 minutes, 
thereafter rapidly cooled to 30 °C, maintained for 10 minutes and finally heated at a heating rate of 10 °C/min. From 
50 the area of the peak at the crystallizing temperature found between the glass transition temperature and the melting 
point, the calorific value was measured. 

Melting point 

55 [0132] In this measurement, a differential scanning calorimeter (DSC) manufactured by Perkin Elmer Co. was used. 
[0133] A sample of 10 mg was weighed and introduced into a sample pan. In a nitrogen atmosphere, the sample 
was maintained at 30 °C for 10 minutes and then heated up to 290 °C at a heating rate of 10 °C/min to find the peak 
temperature as the melting point. 
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Density 

[0134] In a constant-temperature bath of 23 °C, zinc(ll) chloride, hydrochloric acid and water were mixed to prepare 
an aqueous solution having a given density. After the aqueous solution was allowed to stand for at least 48 hours, a 
5 sample was introduced into the aqueous solution to measure the density of the sample. 

Example 1 

Polyethylene terephthalate (A-1) 

10 

[01 35] A slurry consisting of 332 g of high-purity terephthalic acid and 1 43 g of ethylene glycol was prepared. To the 
slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to 
a temperature of 255 °C under a pressure of 1 .7 kg/cm 2 (absolute pressure) to perform esterification reaction until the 
degree of esterification became 95 %, whereby a low molecular weight polymer was prepared. Then : the low molecular 
is weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a 
prepolymer of polyethylene terephthalate (A-1 ) having an intrinsic viscosity of 0.61 5 dl/g. The prepolymer was extruded 
from a nozzle to give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height 
of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 158 °C. 

20 Polyethylene isophthalate copolymer (B-1) 

[01 36] A slurry consisting of 299 g of isophthalic acid, 33 g of terephthalic acid, 1 22 g of ethylene glycol and 21 g of 
1 ,3-bis(2-hydroxyethoxy)benzene was prepared. To the slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric 
acid were added. The resulting slurry was heated to a temperature of 255 °C under a pressure of 1 .7 kg/cm 2 (absolute 

25 pressure) to perform esterification reaction until the degree of esterification became 95 %, whereby a low molecular 
weight polymer was prepared. Then, the low molecular weight polymer was melt polymerized at a temperature of 280 
°C under a reduced pressure of 1 Torr to produce a prepolymer of a polyethylene isophthalate copolymer (B-1 ) which 
had a molar ratio of isophthalic acid:terephthalic acid = 90:10 and a molar ratio of ethylene glycoi:1 .S-bis^-hydrox- 
yethoxyJbenzene = 85:15 and had an intrinsic viscosity of 0.815 dl/g. The prepolymer was extruded from a nozzle to 

30 give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height of 3.5 mm. 

Blending 

[0137] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-1) and 10 parts by 
35 weight of the prepolymer of the polyethylene isophthalate copolymer (B-1 ) was melt kneaded at a molding temperature 
of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The kneadate was 
extruded from a nozzle to give a strand, and the strand was cut into column-like pellets (C-1 ) having a diameter of 2.5 
mm and a height of 3.5 mm. The prepolymer blend had a heat-up crystallizing temperature of 146 °C. 

40 Solid phase polymerization 

[0138] The pellets (C-1) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 D C for 16 hours in a nitrogen atmosphere. 

[0139] The resulting polyester had an intrinsic viscosity of 0.835 dl/g. The oriented film produced from the polyester 
45 had a carbon dioxide gas permeability constant of 10.5 cc.mm/m 2 -day-atm and an acetaldehyde content of 11 ppm. 

Example 2 

Blending 

so 

[0140] A dry blend of 60 parts by weight of the prepolymer of the polyethylene terephthalate (A-1) prepared in Ex- 
ample 1 and 40 parts by weight of the prepolymer of the polyethylene isophthalate copolymer (B-1 ) prepared in Example 
1 was melt kneaded at a molding temperature of 275 °C by means of a single-screw extruder (diameter: 20 mm, 
manufactured by Thermo Co.). The kneadate was extruded from a nozzle to give a strand, and the strand was cut into 
55 column-like pellets (C-2) having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer blend had a heat-up 
crystallizing temperature of 158 °C. 
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Solid phase polymerization 

[0141] The pellets (C-2) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 °C for 16 hours in a nitrogen atmosphere. 
5 [0142] The resulting polyester had an intrinsic viscosity of 0.842 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 6.1 cc-mm/m^day-atm and an acetaldehyde content of 13 ppm. 

Example 3 

10 Polyethylene terephthalate (A-2) 

[0143] A slurry consisting of 388 g of dimethyl terephthalate and 1 36 g of ethylene glycol was prepared. To the slurry, 
0.049 g of manganese acetate tetrahydrate was added, and the mixture was heated to 1 80 °C at atmospheric pressure 
to perform esterification reaction until the degree of esterification became 95 %, whereby a low molecular weight pol- 

is ymer was prepared. To the low molecular weight polymer, 0.042 g of germanium dioxide and 0.080 g of phosphoric 
acid were added, and melt polymerization of the low molecular weight polymer was conducted at a temperature of 280 
°C under a reduced pressure of 1 Torr to produce a prepolymer of polyethylene terephthalate (A-2) having an intrinsic 
viscosity of 0.598 dl/g. The prepolymer was extruded from a nozzle to give a strand, and the strand was cut into column- 
like pellets having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer had a heat-up crystallizing temperature 

20 of153°C. 

Polyethylene isophthalate copolymer (B-2) 

[0144] A slurry consisting of 350 g of dimethyl isophthalate, 39 g of dimethyl terephthalate, 116 g of ethylene glycol 
25 and 21 g of 1 ,3-bis(2-hydroxyethoxy)benzene was prepared. To the slurry, 0.049 g of manganese acetate tetrahydrate 
was added, and the mixture was heated to 180 °C at atmospheric pressure to perform esterification reaction until the 
degree of esterification became 95 %, whereby a low molecular weight polymer was prepared. To the low molecular 
weight polymer, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added, and melt polymerization 
of the low molecular weight polymer was conducted at a temperature of 280 °C under a reduced pressure of 1 Torr to 
30 produce a prepolymer of a polyethylene isophthalate copolymer (B-2) which had a molar ratio of isophthalic acid con- 
stituent units: terephthalic acid constituent units = 90:10 and a molar ratio of ethylene glycol: 1,3-bis(2-hydroxyethoxy) 
benzene = 85:15 and had an intrinsic viscosity of 0.826 dl/g. The prepolymer was extruded from a nozzle to give a 
strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height of 3.5 mm. 

35 Blending 

[0145] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-2) and 10 parts by 
weight of the prepolymer of the polyethylene isophthalate copolymer (B-2) was melt kneaded at a molding temperature 
of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The kneadate was 
40 extruded from a nozzle to give a strand, and the strand was cut into column-like pellets (C-3) having a diameter of 2 5 
mm and a height of 3.5 mm. The prepolymer blend had a heal-up crystallizing temperature of 153 °C. 

Solid phase polymerization 

45 [0146] The pellets (C-3) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 °C for 16 hours in a nitrogen atmosphere. 

[0147] The resulting polyester had an intrinsic viscosity of 0.838 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 10.2 cc-mm/m 2 -day-atm and an acetaldehyde content of 10 ppm. 

so Example 4 

Polyethylene terephthalate (A-3) 

[01 48] A slurry consisting of 332 g of high-purity terephthalic acid and 1 43 g of ethylene glycol was prepared. To the 
55 slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to 
a temperature of 255 °C under a pressure of 1.7 kg/cm 2 (absolute pressure) to perform esterification reaction until the 
degree of esterification became 95 %, whereby a low molecular weight polymer was prepared. Then, the low molecular 
weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a 
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prepolymer of polyethylene terephthalate (A-3) having an intrinsic viscosity of 0.61 5 dl/g. The prepotymer was extruded 
from a nozzle to give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height 
of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 158 °C. 

5 Polyethylene isophthalate copolymer (B-3) 

[0149] A slurry consisting of 299 g of isophthalic acid, 33 g of terephthalic acid, 122 g of ethylene glycol and 21 g of 
1 ,3-bis(2-hydroxyethoxy)benzene was prepared. To the slurry, 0.095 g of antimony acetate and 0.080 g of phosphoric 
acid were added. The resulting slurry was heated to a temperature of 255 °C under a pressure of 1 7 kg/cm 2 (absolute 

10 pressure) to perform esterification reaction until the degree of esterification became 95 %, whereby a low molecular 
weight polymer was prepared. Then, the low molecular weight polymer was melt polymerized at a temperature of 280 
°C under a reduced pressure of 1 Torr to produce a prepolymer of a polyethylene isophthalate copolymer (B-3) which 
had a molar ratio of isophthalic acid: terephthalic acid = 90:10 and a molar ratio of ethylene glycol:1,3-bis(2-hydrox- 
yethoxy)benzene = 85:15 and had an intrinsic viscosity of 0.830 dl/g. The prepolymer was extruded from a nozzle to 

15 give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height of 3.5 mm. 

Blending 

[0150] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-3) and 10 parts by 
20 weight of the prepolymer of the polyethylene isophthalate copolymer (B-3) was melt kneaded at a molding temperature 
of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The kneadate was 
extruded from a nozzle to give a strand, and the strand was cut into column-like pellets (C-4) having a diameter of 2.5 
mm and a height of 3.5 mm. The prepolymer blend had a heat-up crystallizing temperature of 146 °C. 

25 Solid phase polymerization 

[0151] The pellets (C-4) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 *C for 16 hours in a nitrogen atmosphere. 

[0152] The resulting polyester had an intrinsic viscosity of 0.836 dl/g. The oriented film produced from the polyester 
30 had a carbon dioxide gas permeability constant of 10.3 cc-mm/m 2 *day-atm and an acetaldehyde content of 11 ppm. 

Comparative Example 1 

[0153] The prepolymer of the polyethylene terephthalate (A-1 ) obtained in Example 1 was melt kneaded at a molding 
35 temperature of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The 
kneadate was extruded from a nozzle to give a strand, and the strand was cut into column-like pellets (C-5) having a 
diameter of 2.5 mm and a height of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 142 °C. 
[0154] The pellets (C-5) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 °C for 16 hours in a nitrogen atmosphere. 
40 [0155] The resulting polyester had an intrinsic viscosity of 0.830 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 16.8 cc > mm/m 2 -day-atm and an acetaldehyde content of 14 ppm. 

Comparative Example 2 

45 Polyethylene isophthalate (B-4) 

[01 56] A slurry consisting of 332 g of isophthalic acid and 1 42 g of ethylene glycol was prepared. To the slurry, 0.042 
g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to a temperature 
of 255 °C under a pressure of 1.7 kg/cm 2 (absolute pressure) to perform esterification reaction until the degree of 
50 esterification became 95 %, whereby a low molecular weight polymer was prepared. Then, the low molecular weight 
polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a prepolymer 
of polyethylene isophthalate (B-4) having an intrinsic viscosity of 0.625 dl/g. The prepolymer was extruded from a 
nozzle to give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height of 
3.5 mm. 

55 

Blending 

[01 57] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-1 ) obtained in Example 
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1 and 10 parts by weight of the prepolymer ot the polyethylene isophthalate (B-4) was melt kneaded at a molding 
temperature of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The 
kneadate was extruded from a nozzle to give a strand, and the strand was cut into column-like pellets (C-6) having a 
diameter of 2.5 mm and a height of 3.5 mm. The prepolymer blend had a heat-up crystallizing temperature of 156 °C. 

5 

Solid phase polymerization 

[0158] The pellets (C-6) obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then 
subjected to solid phase polymerization at 210 °C for 16 hours in a nitrogen atmosphere. 
io [0159] The resulting polyester had an intrinsic viscosity of 0.841 dl/g. The oriented film produced from the polyester 
pellets had a carbon dioxide gas permeability constant of 12.5 cc-mm/m 2 -dayatm and an acetaldehyde content of 16 
ppm. 

Comparative Example 3 

15 

Solid phase polymerization product of polyethylene terephthalate 

[01 60] A slurry consisting of 332 g of high-purity terephthalic acid and 1 43 g of ethylene glycol was prepared. To the 
slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to 

20 a temperature of 255 °C under a pressure of 1 .7 kg/cm 2 (absolute pressure) to perform esterification reaction until the 
degree of esterification became 95 %, whereby a low molecular weight polymer was prepared. The low molecular 
weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a 
prepolymer of polyethylene terephthalate (A-V) having an intrinsic viscosity of 0.61 5 dl/g. The prepolymer was extruded 
from a nozzle to give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height 

25 of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 158 °C. Then, the pellets were precrystallized 
at 170 °C for 2 hours in a stream of nitrogen and then subjected to solid phase polymerization at 210 °C for 16 hours 
in a nitrogen atmosphere. 

Blending 

30 

[0161] A dry blend of 90 parts by weight of the solid phase polymerization product of the polyethylene terephthalate 
(A-1) and 10 parts by weight of the prepolymer of the polyethylene isophthalate copolymer (B-1 ) obtained in Example 
1 was melt kneaded at a molding temperature of 275 °C by means of a single-screw extruder (diameter: 20 mm, 
manufactured by Thermo Co.). The kneadate was extruded from a nozzle to give a strand, and the strand was cut into 
35 column-like pellets (C-7) having a diameter of 2.5 mm and a height of 3.5 mm. The polyester blend had a heat-up 
crystallizing temperature of 156 °C. 

[0162] From the column-like pellets (C-7), an oriented film was produced. The film had a carbon dioxide gas perme- 
ability constant of 1 1 .8 ccmm/m 2 -day -atm and an acetaldehyde content of 22 ppm. 

40 Comparative Example 4 

Polyethylene terephthalate copolymer (A-4) 

[0163] A slurry consisting of 299 g of terephthalic acid, 33 g of isophthalic acid, 122 g of ethylene glycol and 21 g of 
45 1 ,3-bis(2-hydroxyethoxy)benzene was prepared. To the slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric 
acid were added. The resulting slurry was heated to a temperature of 255 °C under a pressure of 1 .7 kg/cm 2 (absolute 
pressure) to perform esterification reaction until the degree of esterification became 95 %, whereby a low molecular 
weight polymer was prepared. Then, the low molecular weight polymer was melt polymerized at a temperature of 280 
°C under a reduced pressure of 1 Torr to produce a prepolymer of a polyethylene terephthalate copolymer (A-4) which 
50 had a molar ratio of terephthalic acid: isophthalic acid = 90:10 and a molar ratio of ethylene glycoM ,3-bis(2-hydrox- 
yethoxyjbenzene = 85:15 and had an intrinsic viscosity of 0.623 dl/g. The prepolymer was extruded from a nozzle to 
give a strand, and the strand was cut into column-like pellets having a diameter of 2.5 mm and a height of 3.5 mm. 
The prepolymer had a heat-up crystallizing temperature of 163 °C. 

[0164] The pellets obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then sub- 
55 jected to solid phase polymerization at 210 °C for 16 hours in a nitrogen atmosphere. 

[0165] The resulting polyester had an intrinsic viscosity of 0.841 dl/g. The oriented film produced from the polyester 
pellets had a carbon dioxide gas permeability constant of 14.2 cc-mm/m 2 -day-atm and an acetaldehyde content of 13 
ppm. 
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Table 1 





Polyethylene 
terephthalate 
prepolymer 

(parts by 
weight) 


Polyethylene 
isophthalate 
prepolymer 

(parts by 
weight) 


mi 




Solid phase 
polymerization 
after 
blending 


Intrinsic 
viscosity 

(dl/g) 


Ex. 1 


A-l: 90 


B-l: 10 


9 


1.5 


done 


0.835 


Ex. 2 


A-l: 60 


B-l: 40 


36 


6 


done 


0.842 


Ex. 3 


A-2: 90 


B-2: 10 


9 


1.5 


done 


0.838 


Ex. 4 


A-3: 90 


B-3: 10 


9 


1.5 


done 


0.836 


Comp. 
Ex.1 


A-l: 100 








* 2 


0.830 


Comp. 
Ex.2 


A-l: 90 


B-4: 10 


10 


0 


done 


0.841 


Comp. 
Ex.3 


Solid phase 
polymerization 
product of 

A-l:90 


B-l: 10 


9 


1.5 


not done 


0.820* 1 


Comp . 
Ex.4 


A-4:100 




10 


15 


* 2 


0.841 



*1: The intrinsic viscosity in Comp. Ex. 3 is an 

intrinsic viscosity of a blend because polyethylene 
terephthalate after solid phase polymerization was 
used in Comp. Ex. 3. 



*2: In comp. Ex. 1, the prepolymer of polyethylene 

terephthalate (A-l) was subjected to solid phase 
polymerization, and in Comp. Ex. 4, the prepolymer 
of polyethylene terephthalate (A-4) was subjected 
to solid phase polymerization. 
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Table 1 (Continued) 





CO2 gas 
peririeaDi jl 1 cy 
constant 


v^n3V_nU 
content 

(ppm) 


Heat-up 
crystallization 
calorific value 

(J/g) 


Density 

nf 

pellets 
(kg/m 3 ) 


* 4 

( C) 


Tm 
( C) 


Ex. 1 


10.5 


11 


25 


1395 


230 


249 


Ex. 2 


6.1 


13 


20 


1392 


162 


239 


Ex. 3 


10 . 2 


10 


27 


1397 


230 


249 


Ex. 4 


10.3 


11 


26 


1396 


230 


250 


Comp . 
Ex.1 


16.8 


14 


35 


1400 


254 


261 


Comp . 
Ex.2 


12.5 


16 


28 


1398 


231 


247 


Comp . 
Ex.3 


11.8 


22 


30 


1340 


230 


253 


Comp . 
Ex.4 


14.2 


13 


31 


1362 


198 


*5 



*3: The carbon dioxide gas permeability constant is 
expressed in cc-inm/m 2 -day-atm. 

30 

*4: [ 1/527-0. 0017- In (l-(mi+m B ) /200) ]" 1 -273 
*5 : Not observed 

35 

Example 5 

Polyethylene terephthalate (A-5) 

40 [0166] Using a continuous polycondensation apparatus consisting of the first, the second, the third, the fourth and 
the fifth reactors of tank type and the sixth reactor of horizontal biaxial rotary type, polymerization was continuously 
conducted in the following manner to prepare polyethylene terephthalate (A-5). 

[0167] To the first reactor containing 3,750 parts by weight of a reaction solution and maintained at 255 °C and 1.7 
kg/cm 2 G in a nitrogen atmosphere with stirring, was continuously fed a slurry prepared by mixing 1 ,437 parts by weight 

45 per hour of high-purity terephthalic acid with 519 parts by weight per hour of ethylene glycol, to perform esterification 
reaction of the first stage. In the esterification reaction of the first stage, a mixture of 203 parts by weight of water and 
3 parts by weight of ethylene glycol was distilled off. The esterification reaction product of the first stage was controlled 
so that the mean residence time thereof became 2.0 hours, and was continuously introduced into the second reactor 
maintained at 260 °C and 0.8 kg/cm 2 G with stirring. To the second reactor, was continuously fed a homogeneous 

so solution of 0.48 parts by weight per hour of germanium dioxide and 32 parts by weight per hour of ethylene glycol, 
while a mixture of 84 parts by weight per hour of water and 5 parts by weight per hour of ethylene glycol was continuously 
distilled off. The esterification reaction product of the second stage was controlled so that the mean residence time 
thereof became 2.0 hours, and was continuously introduced into the third reactor maintained at 265 °C and atmospheric 
pressure with stirring. To the third reactor, was continuously fed a homogeneous solution obtained by mixing 1 .23 parts 

55 by weight per hour of trimethyl phosphate with 22 parts by weight per hour of ethylene glycol, while a mixture of 21 
parts by weight per hour of water and 27 parts by weight per hour of ethylene glycol was continuously distilled off, 
whereby esterification reaction of the third stage was conducted. 

[0168] The esterification reaction product of the third stage was controlled so that the mean residence time thereof 
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became 2.0 hours, and was continuously introduced into the fourth reactor maintained at 275 °C and 60 mmHg with 
stirring. In the fourth reactor, plycondesnation reaction of the first stage was performed by continuously distilling off a 
mixture of 45 parts by weight per hour of ethylene glycol and 6 parts by weight per hour of water. The polycondensation 
reaction product of the first stage was controlled so that the mean residence time thereof became 1.0 hour, and was 

5 continuously introduced into the fifth reactor maintained at 282 °C and 3 mmHg with stirring. 

[0169] In the fifth reactor, polycondensation reaction of the second stage was performed by continuously distilling of 
a mixture of 20 parts by weight per hour of ethylene glycol and 3 parts by weight per hour of water. The polycondensation 
reaction product of the second stage was controlled so that the mean residence time thereof became 1 .0 hour, and 
was continuously introduced into the sixth reactor of horizontal biaxial rotary type maintained at 282 to 285 °C and 1 .8 

10 to 2.5 mmHg. 

[0170] In the sixth reactor, polycondensation reaction of the third stage was performed by continuously distilling off 
a mixture of 1 0 parts by weight per hour of ethylene glycol and 1 part by weight per hour of water. The polycondensation 
reaction product of the third stage was controlled so that the mean residence time thereof became 2.5 hours, and was 
continuously drawn out of the reactor by means of a polyester drawing device to give a strand. The strand was immersed 
15 jn water to cool it and cut into pellets by a strand cutter. The polyethylene terephthalate (A-5) obtained through the 
liquid phase polymerization mentioned above had an intrinsic viscosity (n.), as measured in o-chlorophenol at 25 °C, 
of 0.65 dl/g. 

Polyethylene isophthalate copolymer (B-5) 

20 

[0171] Using the same apparatus as used for preparing the polyethylene terephthalate (A-5), a polyethylene isoph- 
thalate copolymer (B-5) was prepared in the following manner. 

[0172] To the first reactor containing 3,750 parts by weight of a reaction solution and maintained at 255 °C and 1.7 
kg/cm 2 G in a nitrogen atmosphere with stirring, was continuously fed a slurry prepared by mixing 1 ,208 parts by weight 
25 per hour of isophthalic acid, 1 35 parts by weight per hour of terephthalic acid, 477 parts by weight per hour of ethylene 
glycol, 211 parts by weight of per hour of 1,3-bis(2-hydroxyethoxy)benzene and 3.4 parts by weight per hour of 1,1,1,- 
trimethylolpropane, to perform esterification reaction of the first stage. 

[0173] The esterification reaction product of the first stage was controlled so that the mean residence time thereof 
became 2.0 hours, and was continuously introduced into the second reactor maintained at 260 °C and 0.8 kg/cm 2 G 

30 in a nitrogen atmosphere with stirring. To the second reactor, was continuously fed a homogeneous solution of 1 .06 
parts by weight per hour of antimony acetate, 0.25 parts by weight per hour of cobalt acetate and 32 parts by weight 
per hour of ethylene glycol. The esterification reaction product of the second stage was controlled so that the mean 
residence time thereof became 2.0 hours, and was continuously introduced into the third reactor maintained at 265 °C 
and atmospheric pressure with stirring. To the third reactor, was continuously fed a homogeneous solution obtained 

35 by mixing phosphoric of 0.11 part by weight per hour of phosphoric acid and 22 parts by weight per hour of ethylene 
glycol, to perform esterification reaction of the third stage. 

[0174] The esterification reaction product of the third stage was controlled so that the mean residence time thereof 
became 2.0 hours, and was continuously introduced into the fourth reactor maintained at 275 °C and 60 mmHg with 
stirring. 

^0 [0175] The polycondensation reaction product in the fourth reactor was controlled so that the mean residence time 
thereof became 1.0 hour, and was continuously introduced into the fifth reactor maintained at 282 °C and 3 mmHg 
with stirring. 

[0176] In the fifth reactor, polycondensation reaction of the second stage was performed by continuously distilling 
off a mixture of 20 parts by weight per hour of ethylene glycol and 3 parts by weight per hour of water. The polyconden- 
45 sation reaction product of the second stage was controlled so that the mean residence time thereof became 1 .0 hour, 
and was continuously introduced into the sixth reactor of horizontal biaxial rotary type maintained at 282 to 285 °C and 
1.8 to 2.5 mmHg. 

[0177] In the sixth reactor, polycondensation reaction of the third stage was performed by continuously distilling off 
a mixture of 10 parts by weight per hour of ethylene glycol and 1 part by weight per hour of water. The polycondensation 

50 reaction product of the third stage was controlled so that the mean residence time thereof became 2.5 hours, and was 
continuously drawn out of the reactor by means of a polyester drawing device to give a strand. The strand was cut into 
pellets. The polyethylene isophthalate copolymer (B-5) obtained through the liquid phase polymerization mentioned 
above had an intrinsic viscosity (r|), as measured in o-chlorophenol at 25 °C, of 0.85 dl/g. In the copolymer (B-5), the 
molar ratio between isophthalic acid and terephthalic acid was 90:10, and the molar ratio between ethylene glycol and 

55 l,3-bis(2-hydroxyethoxy)benzene was 88:12. 
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Blending 

[0178] A dry blend of 90 parts by weight of the polyethylene terephthalate (A-5) and 10 parts by weight of the poly- 
ethylene isophthalate copolymer (B-5) was melt kneaded by means of a vented twin-screw extruder (TEX-45, manu- 
s factured by Nippon Seikosho, LVD = 33) under the conditions of a screw rotation number of 200 rpm and a temperature 
of 280 °C. The kneadate was extruded at an extrusion rate of 200 kg/hr to give a strand, and the strand was cut into 
column-like pellets (C-6) having a diameter of 2.5 mm and a height of 3.5 mm. The residence time in the extruder was 
12.2 seconds. 

10 Solid phase polymerization 

[0179] The pellets obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then sub- 
jected to solid phase polymerization at 210 °C for 14 hours in a nitrogen atmosphere. 

[0180] The resulting polyester had an intrinsic viscosity of 0.848 dl/g. The acetaldehyde content in the polyester 
'5 pellets was 2 ppm. The oriented film produced from the polyester pellets had a carbon dioxide gas permeability constant 
of 10.1 cc-mm/m 2 day-atm. 

Examples 6 and 7 

20 [0181] Polyester pellets were prepared in the same manner as in Example 5, except that the blending ratio between 
the polyethylene terephthalate (A-5) and the polyethylene isophthalate copolymer (B-5) was varied as shown in Table 
2. The results are set forth in Table 2. 

Example 8 

25 

[0182] Polyester pellets were prepared in the same manner as in Example 5, except that the later-described poly- 
ethylene terephthalate (A-7) was used in place of the polyethylene terephthalate (A-5) and the blending ratio between 
the polyethylene terephthalate (A-7) and the polyethylene isophthalate copolymer (B-5) was set as shown in Table 2. 
The results are set forth in Table 2. 

30 

Example 9 

[0183] Polyester pellets were prepared in the same manner as in Example 5, except that the blending ratio between 
the polyethylene terephthalate (A-5) and the polyethylene isophthalate copolymer (B-5) was varied as shown in Table 
35 2 and crystallization was conducted after blending. The results are set forth in Table 2. 



40 



45 



50 



55 
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Table 2 





A- 5 


A-7 


B-5 


Solid phase 
polymerization 


Intrinsic 
viscosity 


CH 3 CHO 
content 




(parts 
bv 
weight) 


(parts 
bv 
weight) 


(parts 
bv 
weight ) 


Temperature 
(°C) 


Time 
(hr) 


(dl/g) 




Ex. 5 


90 




10 


210 


14 


0.848 


2 


Ex. 6 


70 




30 


210 


11 


0.822 


2 


Ex. 7 


50 




50 


200 


8 


0.833 


2 


Ex. 8 




70 


30 


210 


6 


0.92 


2 


Ex. 9 


70 




30 


crystallization 
only, 

no solid phase 
polymerization 


0.69 


10 



Table 2 (Continued) 





Melting 
point 


* 1 


Heat -up 
crystallization 
calorific value 


Density of 
pellets 


CO2 gas 
permeability 
constant 




(°C) 


(°C) 


(J/g) 


(kg/m 3 ) 


(*2) 


Ex. 5 


252.2 


230 


26 


1395 


10.1 


Ex. 6 


251.1 


186 


25 


1393 


8.0 


Ex. 7 


250.0 


144 


17 


1390 


6.0 


Ex. 8 


249.9 


183 


24 


1391 


8.0 


Ex. 9 


251.8 


186 


26 


1380 


8.1 



*1: [1/527-0.0017- In (l-(mi+m B >/200) r 1 -273 



*2: The carbon dioxide gas permeability constant is 
expressed in cc -inm/m 2 -day -atm 



Examples 10-13 
Polyethylene terephthalate (A-6) 

[0184] Using the same apparatus as used lor preparing the polyethylene terephthalate (A-5) of Example 5, polyeth- 
ylene terephthalate (A-6) was prepared in the following manner. 

[0185] To the first reactor containing 3,750 parts by weight of a reaction solution and maintained at 255 °C and 1 .7 
kg/cm 2 G in a nitrogen atmosphere with stirring, was continuously fed a slurry prepared by mixing of 1,408 parts by 
weight per hour of high-purity terephthalic acid, 29 parts by weight per hour of isophthalic acid and 591 parts by weight 
per hour of ethylene glycol, to perform esterification reaction of the first stage. In the esterification reaction of the first 
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stage, a mixture ot 203 parts by weight ot water and 3 parts by weight of ethylene glycol was distilled off. The esteri- 
fication reaction product of the first stage was controlled so that the mean residence time thereof became 2.0 hours, 
and was continuously introduced into the second reactor maintained at 260 °C and 0.8 kg/cm 2 G with stirring. To the 
second reactor, was continuously fed a homogeneous solution ot 0.94 part by weight per hour of antimony acetate, 

s 0.10 part by weight per hour of cobalt acetate and 32 parts by weight per hour of ethylene glycol, while a mixture of 
84 parts by weight per hour of water and 5 parts by weight per hour of ethylene glycol was continuously distilled off. 
The esterification reaction product ot the second stage was controlled so that the mean residence time thereof became 
2.0 hours, and was continuously introduced into the third reactor maintained at 265 °C and atmospheric pressure with 
stirring. To the third reactor, was continuously fed a homogeneous solution obtained by mixing 0.10 part by weight per 

10 hour of phosphoric acid and 22 parts by weight per hour of ethylene glycol, while a mixture of 21 parts by weight per 
hour of water and 27 parts by weight per hour of ethylene glycol, was continuously distilled off, whereby esterification 
reaction of the third stage was conducted. 

[0186] The esterification reaction product of the third stage was controlled so that the mean residence time thereof 
became 2.0 hours, and was continuously introduced into the fourth reactor maintained at 275 °C and 60 mmHg with 
75 stirring. In the fourth reactor, polycondensation reaction of the second stage was performed by distilling off a mixture 
of 45 parts by weight per hour of ethylene glycol and 6 parts by weight per hour of water. The polycondensation reaction 
product of the first stage was controlled so that the mean residence time thereof became 1 .0 hour, and was continuously 
introduced into the fifth reactor maintained at 282 °C and 3 mmHg with stirring. 

[0187] In the fifth reactor, polycondensation reaction of the second stage was performed by distilling off a mixture of 
20 20 parts by weight per hour of ethylene glycol and 3 parts by weight per hour of water. The polycondensation reaction 
product of the second stage was controlled so that the mean residence time thereof became 1 .0 hour, and was con- 
tinuously introduced into the sixth reactor of horizontal biaxial rotary type maintained at 285 to 287 °C and 1.8 to 2.5 
mmHg. 

[0188] In the sixth reactor, polycondensation reaction of the third stage was performed by distilling off a mixture of 
25 10 parts by weight per hour of ethylene glycol and 1 part by weight per hour of water. The polycondensation reaction 
product of the third stage was controlled so that the mean residence time thereof became 2.5 hours, and was contin- 
uously drawn out of the reactor by means of a polyester drawing device to give a strand. The strand was immersed in 
water to cool it and cut into pellets by a strand cutter. The polyethylene terephthalate (A-6) obtained through the liquid 
phase polymerization mentioned above had an intrinsic viscosity (r|), as measured in o-chlorophenol at 25 °C, of 0.65 
30 dl/g. The molar ratio between terephthalic acid and isophthalic acid was 98:2. 

Blending and Solid phase polymerization 

[0189] Blending and solid phase polymerization were carried out in the same manner as in Example 5, except that 
35 the polyethylene terephthalate (A-6) was used in place of the polyethylene terephthalate (A-5) and the weight ratio 
between the polyethylene terephthalate (A-6) and the polyethylene isophthalate copolymer (B-5) was set as shown in 
Table 3. The intrinsic viscosity of the resulting polyester and the acetaldehyde content in the pellets were measured. 
From the polyester pellets, an oriented film was produced, and the carbon dioxide gas permeability constant of the film 
was measured. The results are set forth in Table 3. 

40 

Table 3 





A-6 

(pares by 
weight) 


B-5 

(parts by 
weight ) 


Solid 
polymer 

Tern. (°C) 


phase 
ization 

Time (hr) 


Intrinsic 
viscosity 

(dl/g) 


CH3CH0 
content 

(ppm) 


Ex. 10 


90 


10 


210 


16 


0.865 


2 


EX. 11 


70 


30 


210 


12 


0.833 


2 


Ex. 12 


50 


50 


200 


8 


0.840 


2 


Ex. 13 


40 


60 


200 


5 


0.828 


2 
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Table 3 (Continued) 





Melting 
point 


•1 


Heat -up 
crystallization 
calorific value 


Density 

of 
pellets 


CO2 gas 
permeability 
constant 




(°C) 


(°C) 


(J/g) 


(kg/m 3 ) 


<*2) 


Ex. 10 


251.0 


226 


25 


1395 


10.8 


Ex. 11 


252.5 


183 


24 


1393 


7.0 


Ex. 12 


248.2 


142 


17 


1390 


6.1 


Ex. 13 


250.6 


123 


12 


1388 


5.7 



•1: [1/527-0. 0017- In (l-dn^me) /200) ]^ 1 -273 



*2 ; The carbon dioxide gas permeability constant is 
expressed in cc -mm/n^ -day-atm 

Examples 14 and 15 
Polyethylene terephthalate (A-7) 

[0190] The pellets of the polyethylene terephthalate (A-6) were heated at 170 °C for 2 hours in a stream of nitrogen 
to precrystallize them and then subjected to solid phase polymerization at 21 0 °C for 8 hours in a nitrogen atmosphere. 
[0191] The resulting polyethylene terephthalate (A-7) had an intrinsic viscosity of 0.850 dl/g and an acetaldehyde 
content of 2 ppm. 

Blending and Crystallization 

[0192] Blending was carried out in the same manner as in Example 5 : except that the polyethylene terephthalate (A- 
7) prepared above was used in place of the polyethylene terephthalate (A-5) and the weight ratio between the poly- 
ethylene terephthalate (A-7) and the polyethylene isophthalate copolymer (B-5) was set as shown in Table 4. The 
resulting pellets were crystallized at 170 °C for 2 hours in a stream of nitrogen. 

[0193] The intrinsic viscosity of the resulting polyester and the acetaldehyde content in the pellets were measured. 
From the polyester pellets, an oriented film was produced, and the carbon dioxide gas permeability constant of the film 
was measured. The results are set forth in Table 4. 
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Table 4 





A- 7 


B-5 




Intrinsic 
viscosity 


CH3CHO 
content 


Melting 
point 






(parts by 
weight) 


(parts by 
weight) 


(dl/g) 


(ppm) 


(°C) 




Ex. 14 


90 


10 


0.847 


2 


256.0 




Ex. 15 


70 


30 


0.836 


8 


249.1 








Table 4 (Continued) 








CO2 gas 
permeability 
constant 




*2 


Heat-up 
crystallization 
calorific value 


Density of 
pellets 




<*1) 




(°C) 


(J/g) 


(kg/m 3 ) 




Ex. 14 


7.9 


226 


26 


1370 


Ex. 15 


6.2 


183 


25 


1361 



*1 : cc -nun/m 2 -day-atm 

*2: [1/527-0. 0017- ln(l-(mi+m B )/200) ]- x -273 



Example 16 

Polyethylene terephthalate (A-8) 

[0194] Polyethylene terephthalate (A-8) was prepared in the same manner as in the preparation of the polyethylene 
terephthalate (A-6), except that to the first reactor were ted 1 ,322 parts by weight per hour of high-purity terephthalic 
acid, 1 50 parts by weight per hour of naphthalenedicarboxylic acid and 591 parts by weight per hour of ethylene glycol. 
The polyethylene terephthalate (A-8) obtained after the liquid phase polymerization had an intrinsic viscosity fa), as 
measured in o-chlorophenol at 25 °C, of 0.64 dl/g. The molar ratio between the terephthalic acid and the naphthalen- 
edicarboxylic acid was 92:8. 

Blending and Solid phase polymerization 

[0195] Blending was carried out in the same manner as in Example 5, except that the polyethylene terephthalate (A- 
8) prepared above was used in place of the polyethylene terephthalate (A-5). The resulting pellets were crystallized 
at 170 °C for 2 hours in a stream of nitrogen and then subjected to solid phase polymerization at 210 °C for 17 hours. 
[0196] The intrinsic viscosity of the resulting polyester and the acetaldehyde content in the pellets were measured. 
From the polyester pellets, an oriented film was produced, and the carbon dioxide gas permeability constant of the film 
was measured. The results are set forth in Table 5. 
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Table 5 





A- 8 

(parts by 
weight) 


B-5 

(parts by 
weight) 


Intrinsic 
viscosity 

(dl/g) 


CH3CHO 
content 

(ppm) 


MpI t" i ncr 

point 
(°C) 




Ex. 16 


90 


10 


0.866 


3 


257.0 








Table 


5 (Continued) 








CO2 gas 
permeability 
constant 

(*D 


*2 

(°C) 


Heat-up 
crystallization 
calorific value 

(J/g) 


Density of 
pellets 

(kg/m 3 ) 


Ex. 16 


7.2 


230 


26 


1393 



25 

*1: cc-mm/m 2 -day-atm 

*2: [1/527-0. 0017-ln(l-(mi+m B )/200) J" 1 -273 

30 

Example 17 
Blending 

35 [0197] A dry blend of 90 parts by weight of the polyethylene terephthalate (A-5) and 10 parts by weight of the poly- 
ethylene isophthalate copolymer (B-5) was melt kneaded by means of a vented twin-screw extruder (TEX-45, manu- 
factured by Nippon Seikosho, UD = 1 6) under the conditions of a screw rotation number of 400 rpm and a temperature 
of 280 °C. The kneadate was extruded at an extrusion rate of 320 kg/hr to give a strand, and the strand was cut into 
column-like pellets having a diameter of 2.5 mm and a height of 3.5 mm. The residence time in the extruder was 4.1 

*o seconds. 

Solid phase polymerization 

[0198] The pellets obtained above were precrystallized at 170 °C for 2 hours in a stream of nitrogen and then sub- 
45 jected to solid phase polymerization at 210 °C for 1 4 hours in a nitrogen atmosphere. 

[0199] The resulting polyester had an intrinsic viscosity of 0.868 dl/g. The acetaldehyde content in the polyester 
pellets was 2 ppm. The oriented film produced from the polyester pellets had a carbon dioxide gas permeability constant 
of 9.0 cc-mm/m 2 -day-atm. The results are set forth in Table 6. 
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Table 6 





A-5 

(parts by 
weight ) 


B-5 

(parts b> 
weight) 


Solid 
polymer 

Tern. (°C) 


phase 
ization 

Time (hr) 


Intrinsic 
viscosity 

(dl/g) 


CH3CH0 
content 

(ppm) 


Ex. 17 


90 


10 


210 


14 


0.868 


2 



Table 6 (Continued) 





Melting 
point 


*1 


Heat-up 
crystallization 
calorific value 


Density 

of 
pellets 


CO2 gas 
permeability 
constant 




(°C) 


(°C) 


(J/g) 


(kg/m 3 ) 


<*2) 


Ex. 17 


254.2 


230 


26 


1392 


9.0 



25 



*1: [1/527-0. 0017-ln(l-(mi+m B )/200) ]~ 1 -273 
*2 : cc-mm/m 2 -day-atm 



35 Comparative Example 5 

[0200] Using the polyethylene terephthalate (A-7) without blending it with another polyester, an oriented film was 
produced. 

[0201] The oriented film had a carbon dioxide gas permeability constant of 16.2 cc-mm/m 2 -day-atm. The acetalde- 
40 hyde content in the pellets of the polyethylene terephthalate (A-7) was 2 ppm. 

Example 18 

Carbonated beverage bottle 

45 

[0202] The polyester resin composition prepared in Example 5 and dried at 160 °C for 4 hours with air having a dew 
point of -30 °C was molded into a closed-end parison (preform) by means of an injection molding machine M-70B 
manufactured by Meiki Seisakusho K.K. 

[0203] The injection molding machine used is equipped with a Dulmage screw having a three-flighted mixing head 
so and having a compression ratio of 1 .5. The molding was conducted under the conditions of a molding temperature of 
280 °C and a molding cycle of 33 seconds. 

[0204] The preform was heated by an infrared heater attached to the injection molding machine in such a manner 
that the surface temperature at the center part of the preform body became 100 to 110 °C, and then subjected to biaxial 
stretching blow molding by means of a molding machine LB-01 manufactured by CORPOPLAST CO., to obtain a 
55 carbonated beverage bottle having a capacity of 500 ml. In the biaxial stretching blow molding, the bottle was brought 
into contact with the mold for 5 seconds at a blow mold temperature of room temperature. Then, the bottle was withdrawn 
from the mold. The molding cycle was 60 seconds and the plane stretching ratio was 11 times. 
[0205] From the 500 ml bottle, a portion of the neck part was cut to analyze the acetaldehyde content. Further, the 
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body part of the bottle was cut to evaluate the carbon dioxide gas barrier properties. The results are set forth in Table 7. 

Example 19 

5 Carbonated beverage bottle 

[0206] A preform was prepared in the same manner as in Example 18, except that the polyester prepared in Example 
10 was used. Then, the preform was subjected to stretching blow molding in the same manner as in Example 18 to 
obtain a bottle. The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties 
10 of the body part of the bottle were evaluated in the same manner as in Example 18. The results are set forth in Table 7. 

Example 20 

Carbonated beverage bottle 

75 

[0207] A preform was prepared in the same manner as in Example 1 8, except that the polyester prepared in Example 
14 was used. Then, the preform was subjected to stretching blow molding in the same manner as in Example 18 to 
obtain a bottle. The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties 
of the body part of the bottle were evaluated in the same manner as in Example 1 8. The results are set forth in Table 7. 

20 

Example 21 
Heat-resistant bottle 

25 [0208] A preform was prepared in the same manner as in Example 1 8, except that the polyester prepared in Example 
10 was used. The neck part of the preform was heated by an infrared heater to crystallize it, and the preform was then 
subjected to biaxial stretching blow molding by means of a molding machine LB-01 manufactured by CORPOPLAST 
CO. In the blow molding, the bottle was brought into contact with the mold for 5 seconds at a mold temperature of 1 30 
& C, and then air of room temperature was blown into the bottle to cool the bottle. Thereafter, the bottle was withdrawn 

30 from the mold. The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties 
of the body part of the bottle were evaluated in the same manner as in Example 18. The results are set forth in Table 7. 

Example 22 

35 Evaluation of film 

[0209] The polyester prepared in Example 10 was vacuum dried at 150 °C for 16 hours and then molded into a film 
having a thickness of 0.3 mm by means of a press molding machine at a mold temperature of 290 °C. The film was 
rapidly cooled at a cooling mold temperature of 0 °C to give an amorphous film. 
40 [0210] The amorphous film was subjected to simultaneous biaxial orientation (3x3 times) at 90 °C to obtain an 
oriented film. The film before the orientation was analyzed on the acetaldehyde content, and the film after the orientation 
was evaluated on the carbon dioxide gas barrier properties. The results are set forth in Table 7. 

Example 23 

45 

Evaluation of film 

[0211] An oriented film was produced in the same manner as in Example 22, except that the polyester prepared in 
Example 12 was used. The acetaldehyde content in the film before the orientation and the carbon dioxide gas barrier 
50 properties of the film after the orientation were evaluated. The results are set forth in Table 7. 

Example 24 

Evaluation of unoriented sheet 

55 

[0212] The polyester prepared in Example 10 was vacuum dried at 150°C for 16 hours and then molded into a sheet 
having a thickness of 0.3 mm by means of an extruder (cylinder diameter: 50 mm, manufactured by Hitachi Shipbuilding 
& Engineering Co., Ltd.) at a cylinder temperature of 275 °C. The acetaldehyde content and the carbon dioxide gas 
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barrier properties of the sheet were evaluated. The results are set forth in Table 7. 



Table 7 





Composition 


Properties of 
material 


Mate- 
rial 
used 


Polyeth- 
ylene 
terephtha- 

late 
prepolymer 

(parts by 
weight) 


Polyeth- 
ylene 
isophtha- 

late 
prepolymer 

(parts by 
weight) 


Treatment 

after 
blending 


Intrinsic 
viscosity 

(dl/g) 


CH 3 CHO 
content 

(ppm) 


Ex. 18 


Ex. 5 


A-5: 90 


B-5: 10 


solid phase 
polymerization 


0,848 


2 


Ex. 19 


Ex. 10 


A-6: 90 


B-5: 10 


solid phase 
polymer izatior 


0.865 


2 


Ex. 20 


Ex. 14 


A-7: 90 


B-5: 10 


crystalliza- 
tion 


0.847 


2 


Ex. 21 


Ex. 10 


A-6: 90 


B-5: 10 


solid phase 
polymer izatior 


0.865 


2 


Ex. 22 


Ex. 10 


A-6: 90 


B-5: 10 


solid phase 
polymer izatior 


0.865 


2 


Ex. 23 


Ex. 12 


A-6: 50 


B-5: 50 


solid phase 
polymer izatior 


0.840 


2 


Ex. 24 


Ex. 10 


A-6: 90 


B-5: 10 


solid phase 
polymer izatior 


0.865 


2 



35 



40 



45 



50 
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Table 7 (Continued) 



5 









Properties of molded product 


10 






Type 


Polyethylene 
isophthalate 
prepolymer 


CO2 gas 
permeability 
constant * 


CH3CHO 
content 


Melting 
point 


Heat-up 
crystal- 
lization 
calorific 
value 










(% by weight) 


day • a tm ) 


(ppm) 


CO 


(J/g) 


15 


Ex. 


18 


carbonated 
beverage 
bottle 


10 


8.8 


7 


240 


24 


20 


Ex. 


19 


carbonated 
beverage 
bottle 


10 


8.9 


7 


241 


25 




Ex. 


20 


carbonated 
beverage 
bottle 


10 


8.8 


8 


240 


24 


25 


Ex. 


21 


heat- 
resistant 
bottle 


10 


8.5 


7 


240 


24 


30 


Ex. 


22 


biaxially 
oriented 
film 


10 


8.7 


7 


240 


23 




Ex. 


23 


biaxially 
oriented 
film 


50 


6.5 


10 


217 


21 


35 


Ex. 


24 


sheet (un- 
oriented) 


10 


11.3 


8 


240 


24 



* : The carbon dioxide gas permeability constant of the 
molded product was measured by the use of sections 
40 cut from the molded product . 



Example 25 

45 Carbonated beverage bottle 

[0213] 33 Parts by weight of the polyester resin composition prepared in Example 11 and dried at 160 °C lor 4 hours 
with air having a dew point of -30 °C were dry blended with 67 parts by weight of the polyethylene terephthalate (A- 
7). Then, the blend was molded into a closed-end parison (preform) by means of an injection molding machine M-70B 
50 manufactured by Meiki Seisakusho K.K. 

[0214] The injection molding machine used is equipped with a Dulmage screw having a three-flighted mixing head 
and having a compression ratio of 1.5. The molding was conducted under the conditions of a molding temperature of 
2B0 9 C and a molding cycle of 33 seconds. 

[0215] The preform was heated by an infrared heater attached to the injection molding machine in such a manner 
55 that the surface temperature at the center part of the preform body became 100 to 110 °C, and then subjected to biaxial 
stretching blow molding by means of a molding machine LB-01 manufactured by CORPOPLAST CO., to obtain a 
carbonated beverage bottle having a capacity of 500 ml. In the biaxial stretching blow molding, the bottle was brought 
into contact with the moid for 5 seconds at a blow mold temperature of room temperature. Then, the bottle was withdrawn 
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from the mold. The molding cycle was 60 seconds and the plane stretching ratio was 11 times. 

[0216] From the 500 ml bottle, a portion of the neck part was cut to analyze the acetaldehyde content. Further, the 

body part of the bottle was cut to evaluate the carbon dioxide gas barrier properties. The results are set forth in Table 8. 

5 Example 26 

Carbonated beverage bottle 

[021 7] A preform was prepared in the same manner as in Example 25, except that a dry blend of 33 parts by weight 
10 of the polyester prepared in Example 15 and 67 parts by weight of the polyethylene terephthalate (A-7) was used. 
Then, the preform was subjected to stretching blow molding in the same manner as in Example 25 to obtain a bottle. 
The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties of the body part 
of the bottle were evaluated in the same manner as in Example 25. The results are set forth in Table 8. 

75 Example 27 

Carbonated beverage bottle 

[0218] A preform was prepared in the same manner as in Example 25, except that a dry blend of 20 parts by weight 
20 of the polyester prepared in Example 12 and 80 parts by weight of the polyethylene terephthalate (A-7) was used. 
Then, the preform was subjected to stretching blow molding in the same manner as in Example 25 to obtain a bottle. 
The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties of the body part 
of the bottle were evaluated in the same manner as in Example 25. The results are set forth in Table 8. 

25 Example 28 

Heat-resistant bottle 

[0219] A preform was prepared in the same manner as in Example 25, except that a dry blend of 33 parts by weight 
30 of the polyester prepared in Example 11 and 67 parts by weight of the polyethylene terephthalate (A-7) was used. The 
neck part of the preform was heated by an infrared heater to crystallize it, and the preform was then subjected to biaxial 
stretching blow molding by means of a molding machine LB-01 manufactured by CORPOPLAST CO. In the blow 
molding, the bottle was brought into contact with the mold for 5 seconds at a mold temperature of 130 °C, and then 
air of room temperature was blown into the bottle to cool the bottle. Thereafter, the bottle was withdrawn from the mold. 
35 The acetaldehyde content in the neck part of the bottle and the carbon dioxide gas barrier properties of the body part 
of the bottle were evaluated in the same manner as in Example 25. The results are set forth in Table 8. 

Example 29 

40 Evaluation of film 

[0220] 33 Parts by weight of the polyester prepared in Example 11 and vacuum dried at 150 °C for 16 hours was 
blended with 67 parts by weight of the polyethylene terephthalate (A-7). Then, the blend was molded into a film having 
a thickness of 0.3 mm by means of a press molding machine at a mold temperature of 290 °C. The film was rapidly 
45 cooled at a cooling mold temperature of 0 °C to give an amorphous film. 

[0221] The amorphous film was subjected to simultaneous biaxial orientation (3X3 times) at 90 °C to obtain an 
oriented film. The film before the orientation was analyzed on the acetaldehyde content, and the film after the orientation 
was evaluated on the carbon dioxide gas barrier properties, The results are set forth in Table 8. 

50 Example 30 

Evaluation of film 

[0222] An oriented film was produced in the same manner as in Example 29, except that a blend of 40 parts by 
55 weight of the polyester prepared in Example 12 and 60 parts by weight of the polyethylene terephthalate (A-7) was 
used. The acetaldehyde content in the film before the orientation and the carbon dioxide gas barrier properties of the 
film after the orientation were evaluated. The results are set forth in Table 8. 
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Example 31 

Evaluation of unoriented sheet 

5 [0223] 33 Parts by weight of the polyester prepared in Example 11 and vacuum dried at 150 °C for 16 hours were 
blended with 67 parts by weight of the polyethylene terephthalate (A-7). Then, the blend was molded into a sheet 
having a thickness of 0. 3 mm by means of an extruder (cylinder diameter: 50 mm, manufactured by Hitachi Shipbuilding 
& Engineering Co., Ltd.) at a cylinder temperature of 275 °C. The acetaldehyde content and the carbon dioxide gas 
barrier properties of the sheet were evaluated. The results are set forth in Table 8. 

w 



Table 8 







Composition 


Properties of 
material 


Blending 
ratio 


20 




Mate- 

rial 


Poly- 
ethylene 
terephtha- 
late 
prepolymer 


Polyeth- 
ylene 
isophtha- 

late 
prepolymer 


Treatment 

a f for 


Intrin- 
sic 

viscos- 
ity 


CH3CHO 
content 


Material 
prepared 


Poly- 
ethylene 
tereph- 
thalate 
(A-7) 


25 




used 


(parts by 
weight) 


(parts by 
weight) 


blending 


(dl/g) 


(ppm) 


(parts 
by 
weight ) 


(parts 
by 
weight ) 












solid 












Ex.25 


Ex.11 


A-6: 70 


B-5: 30 


phase 
polymer i- 


0.833 


2 


33 


67 


30 










zdtion 


















crystal- 












Ex. 26 


Ex.15 


A-7: 70 


B-5: 30 


lization 


0.836 


8 


33 


67 












solid 










35 


Ex.27 


Ex.12 


A-6: 50 


B-5: 50 


phase 
polymeri- 
zation 


0.84 


2 


20 


80 












solid 










40 


Ex.28 


Ex.11 


A-6: 70 


B-5: 30 


phase 
polymeri- 
zation 


0.833 


2 


33 


67 












solid 










45 


Ex.29 


Ex.11 


A-6: 70 


B-5: 30 


phase 
polymeri- 
zation 


0.833 


2 


33 


67 












solid 












Ex.30 


Ex.12 


A-6: 50 


B-5: 50 


phase 
polymeri- 
zation 


0.84 


2 


40 


60 


SO 










solid 












Ex.31 


Ex.11 


A-6: 70 


B-5: 30 


phase 
polymeri- 
zation 


0.833 


2 


33 


67 



55 



30 
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Table 8 (Continued) 



5 






Properties of molded product 




10 






Type 


Po lye thy 1 ene 
isophthalate 
prepolymer 


CO2 gas 
permeability 
constant * 


CH3CHO 
content in 
molded 
product 


Melting 
point 


Heat-up 
crystal- 
lization 
calori f ic 
value 










(% by weight) 


(cc -mm/m 2 * 
day-atm) 


(ppm) 


(°C) 


( J/g) 


15 


Ex . 


25 


carbonated 
beverage 
bottle 


10 


8.6 


7 


240 


24 




Ex . 


26 


carbonated 
beverage 
bottle 


10 


8.6 


7 


240 


24 


20 


Ex 


27 


carbonated 
beverage 
bottle 


10 


8.5 


7 


239 


24 


25 


Ex. 


28 


heat- 
resistant 
bottle 


10 


8.5 


6 


240 


23 




Ex. 


29 


biaxially 
oriented 
film 


10 


8.7 


8 


240 


23 


30 


Ex. 


30 


biaxially 
oriented 
film 


. 20 


6.5 


7 


235 


20 




Ex. 


31 


sheet (un- 
oriented) 


10 


11.3 


7 


240 


24 



*: The carbon dioxide gas permeability constant of the 



molded product was measured by the use of sections 
cut from the molded product . 



Example 32 

Evaluation of laminated bottle 

45 

[0224] Using the polyester prepared in Example 11 and vacuum dried at 150 °C for 16 hours as a material of an 
intermediate layer and using the polyethylene terephthalate (A-7) as a material of inner and outer layers, a preform 
(total thickness of inner and outer layers/thickness of intermediate layer = 67/33) was prepared by means of an injection 
blow molding machine ASB-50HT (cylinder temperature tor intermediate layer: 210 °C, cylinder temperature for inner 
so and outer layers: 270 'C, manufactured by Nissei ASB Machine K.K.). Then, the preform was subjected to stretching 
blow molding to produce a laminated bottle having a capacity of 500 ml. From the laminated bottle, a portion of the 
neck part was cut to analyze the acetaldehyde content. Further, the body part of the bottle was cut to evaluate the 
carbon dioxide gas barrier properties. The results are set forth in Table 9. 

55 Example 33 

[0225] A laminated bottle was produced in the same manner as in Example 32, except that the polyester obtained 
in Example 15 was used as a material of the intermediate layer. The acetaldehyde content and the carbon dioxide gas 
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barrier properties of the bottle were evaluated. The results are set forth in Table 9. 
Example 34 

5 [0226] A laminated bottle was produced in the same manner as in Example 32, except that the polyester obtained 
in Example 12 was used as a material of the intermediate layer and the ratio between the thickness of the polyester 
intermediate layer and the total thickness of the polyethylene terephthalate (A-7) inner and outer layers was varied as 
shown in Table 9. The acetaldehyde content and the carbon dioxide gas barrier properties of the bottle were evaluated. 
The results are set forth in Table 9. 

10 

Example 35 

[0227] A preform was prepared in the same manner as in Example 32. The neck part of the preform was crystallized 
in the same manner as in Example 21 , and the preform was then subjected to blow molding in the same manner as 
is jn Example 21. The results are set forth in Table 9. 

Example 36 

[0228] Using the polyester prepared in Example 11 and vacuum dried at 150 °C for 16 hours as a material of an 
20 intermediate layer and using the polyethylene terephthalate (A-7) vacuum dried at 150 °C for 16 hours as a material 
of inner and outer layers, a laminated sheet having a thickness of 0.3 mm was produced by means of a co-oxtruder 
manufactured by Hitachi Shipbuilding & Engineering Co., Ltd. Then, the laminated sheet was subjected to biaxial 
orientation (3X3 times) at 90 °C to obtain an oriented film. The acetaldehyde content in the laminated film before the 
orientation and the carbon dioxide gas barrier properties of the laminated film after the orientation were evaluated. The 
25 results are set forth in Table 9. 

Example 37 

[0229] A laminated film was produced in the same manner as in Example 36, except that the polyester prepared in 
30 Example 12 was used as a material of the intermediate layer and the ratio between the thickness of the polyester 
intermediate layer and the total thickness of the polyethylene terephthalate (A-7) inner and outer layers was 40:60. 
The acetaldehyde content in the laminated film before the orientation and the carbon dioxide gas barrier properties of 
the laminated film after the orientation were evaluated. The results are set forth in Table 9. 

35 Example 38 

[0230] A laminated bottle was produced in the same manner as in Example 32, except that a naphthalenedicarboxylic 
acid copolymer which had naphthalenedicarboxylic acid:terephthalic acid = 8:92 and a molar ratio of ethylene glycol: 
diethylene glycol = 97:3, and had an intrinsic viscosity: 0.85 dl/g and an acetaldehyde content of 2 ppm, was used as 
40 a material of the inner and outer layers in place of the polyethylene terephthalate (A-7). From the laminated bottle, a 
portion of the neck part was cut to analyze the acetaldehyde content. Further, the carbon dioxide gas barrier properties 
of the laminated bottle part was evaluated in the same manner as in Example 32. The results are set forth in Table 9. 

Example 39 

AS 

[0231] Using the polyester prepared in Example 11 and vacuum dried at 150 °C for 16 hours as a material of an 
intermediate layer and using the polyethylene terephthalate (A-7) vacuum dried at 150 °C for 16 hours as a material 
of inner and outer layers, a laminated sheet having a thickness of 0.3 mm was produced by means of a co-extruder 
manufactured by Hitachi Shipbuilding & Engineering Co., Ltd. The acetaldehyde content and the carbon dioxide gas 
50 barrier properties of the laminated sheet were evaluated. The results are set forth in Table 9 
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Table 9 (Laminate molding) 



5 






Composition of intermediate 
material 


layer- forming 


Properties of 
material 


W 






Mate- 
rial 


Polyeth- 
ylene 
terephtha- 

late 
prepolymer 


Polyeth- 
ylene 
isophtha- 

late 
prepolymer 


Treatment 
after 


Intrinsic 
viscosity 


CH3CH0 
content 








used 


(parts by 
weight) 


(parts by 
weight) 


blending 


(dl/g) 


(ppm) 


15 


Ex 


32 


Ex. 


11 


A-6: 


70 


B-5: 


30 


solid phase 
polymerization 


0.833 


2 




Ex 


33 


Ex 


15 


A-7: 


70 


B-5: 


30 


crystalliza- 
tion 


0.836 


8 


20 


Ex 


34 


Ex 


12 


A-6: 


50 


B-5: 


50 


solid phase 
polymerization 


0.84 


2 




Ex 


35 


Ex 


11 


A-6: 


70 


B-5: 


30 


solid phase 
polymerization 


0.833 


2 


25 


Ex 


36 


Ex 


11 


A-6: 


70 


B-5: 


30 


solid phase 
polymerization 


0.833 


2 




Ex 


37 


Ex 


12 


A-6: 


50 


B-5: 


50 


solid phase 
polymerization 


0.84 


2 


30 


Ex 


38 


Ex 


11 


A-6: 


70 


B-5: 


30 


solid phase 
polymerization 


0.833 


2 




Ex 


39 


Ex 


11 


A-6: 


70 


B-5: 


30 


solid phase 
polymerization 


0.833 


2 



35 



40 



45 



50 
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Table 9 (Continued) 





Thickness ratio 


Properties of molded product 


Thickness 
of 

material 
layer 

(%) 


Thickness of 
polyethylene 
terephtha- 
late (A-7) 
layer 

(%) 


Type 


Polyethylene 
isophthalate 
prepolymer 

(% by 
weight ) 


CO2 gas 
permeability 
constant * 

(cc -mm/m^ • 
day-atm) 


CH3CHO 
content 

(oom) 


Ex.32 


33 


67 


carbonated 
beverage 
bottle 


10 


8 


1 


Ex.33 


33 


67 


carbonated 
beverage 
bottle 


10 


8 


1 


Ex.34 


20 


80 


carbonated 
beverage 
bottle 


10 


7.8 


1 


Ex.35 


33 


67 


heat- 
resistant 
bottle 


10 


8 


6 


Ex.36 


33 


67 


biaxially 
oriented 
film 


10 


7.9 


8 


Ex.37 


40 


67 


biaxially 
oriented 
film 


20 


5.7 


8 


Ex.38 


33 


67** 


carbonated 
beverage 
bottle 


10 


7.4 


7 


Ex.39 


33 


67 


sheet 
(unoriented) 


10 


10.5 


8 



*: The carbon dioxide gas permeability constant of the 
molded product was measured by the use of sections 
cut from the molded product. 
**: A copolyester (IV = 0.85 dl/g, acetaldehyde content 
a 2 ppm, naphthalenedicarboxylic acid/ terephthalic 
acid = 8/92 by mol, ethylene glycol /diethylene 
glycol = 97/3 by mol) was used in place of A-7. 



Comparative Example 6 

[0232] 90 Parts by weight of the polyethylene terephthalate (A-7), 1 0 parts by weight of the polyethylene isophthalate 
copolymer (B-5) and 150 pprn of magnesium stearate were dry blended. Then, the blend was molded into a bottle in 
the same manner as in Example 18. The acetaldehyde content and the carbon dioxide gas barrier properties ot the 
bottle were evaluated. The results are set forth in Table 10. 
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Comparative Example 7 

[0233] 80 Parts by weight of the polyethylene terephthalate (A-7), 20 parts by weight of the polyethylene isophthalate 
copolymer (B-5) and 150 ppm of magnesium stearate were dry blended. Then, the blend was molded into a bottle in 
5 the same manner as in Example 18. The acetaldehyde content and the carbon dioxide gas barrier properties of the 
bottle were evaluated. The results are set forth in Table 10. 

Comparative Example 8 

io [0234] Using the polyethylene terephthalate (A-7) as a material of inner and outer layers and using the polyethylene 
isophthalate copolymer (B-5) as a material of an intermediate layer, a laminated bottle was produced in the same 
manner as in Example 32. The acetaldehyde content and the carbon dioxide gas barrier properties of the bottle were 
evaluated. The results are set forth in Table 10. 

15 Comparative Example 9 

[0235] Using a naphthalenedicarboxylic acid copolymer which had a molar ratio of naphthalenedicarboxylic acid: 
terephthalic acid = 8:92 and a molar ratio of ethylene glycol: diethylene glycol = 97:3, and had an intrinsic viscosity of 
0.85 dl/g and an acetaldehyde content of 2 ppm, as a material of inner and outer layers and using the polyethylene 
20 isophthalate copolymer (B-5) as a material of an intermediate layer, a laminated bottle was produced in the same 
manner as in Example 32. The acetaldehyde content and the carbon dioxide gas barrier properties of the bottle were 
evaluated. The results are set forth in Table 10. 



Table 10 
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Polyethylene 
terephthalate 
prepolymer 
(A-7) 


Polyethylene 
isophthalate 
prepolymer 
(B-5) 


Type of 
molded 
product 


Molding 
method 


C0 2 gas 
permeabilitycontent 
constant 


CH 3 CHO 


30 




(parts by 
weight) 


(parts by 
weight) 






(cc-mm/m 2 - 
day-atm) 


(ppm) j 


35 


Comp. Ex.6 


90 


10 


Carbonated 
beverage 
bottle 


blending * 


8.9 


11 


Comp. Ex.7 


80 


20 


Carbonated 
beverage 
bottle 


blending * 


6.3 


13 


40 


Comp. Ex.8 


90 


10 


Carbonated 
beverage 
layer bottle 


multilayer 


8 


10 


45 


Comp. Ex. 9 


90 ** 


10 


Carbonated 
beverage 
bottle 


multilayer 


7.3 


10 



*: Magnesium stearate was externally added in an amount of 150 ppm based on the total amount (100 parts by weight) of the resins. 

A copolyester (IV = 0.85 dl/g. acetaldehyde content = 2 ppm. naphthalenedicarboxylic acid/terephthalic acid = 8/92 by mol. ethylene glycol/ 
diethylene glycol = 97/3 by mol) was used in place of A-7. 



50 Claims 

1 . A polyester pellet formed from a polyester which comprises dicarboxylic acid constituent units derived from tereph- 
thalic acid and isophthalic acid and diol constituent units derived from ethylene glycol and 1 ,3-bis (2-hydroxyethoxy) 
benzene, and which has the following properties: 

55 

15 to 99.5% by mol of constituent units derived from terephthalic acid and 0.5 to 85% by mol of constituent 
units derived from isophthalic acid, based on the total amount of dicarboxylic acid constituent units : 



35 



EP 0 939 095 A2 



25 to 99.5 % by mol of constituent units derived from ethylene glycol and 0.5 to 75% by mol of constituent 
units derived from 1,3-bis (2-hydroxyethoxy) benzene, based on the total amount of diol constituent units, 
an intrinsic viscosity of 0.5 to 1.5 dl/g, and 

a melting point (Tm (°C)), as measured by a differential scanning calorimeter, which satisfies the following 
formula (I): 

[1/527-0.0017.1n(1-(m |+ m B )/200] o -273<Tm<265 (I) 

wherein rri| is the proportion (% by mol) of constituent units derived from isophthalic acid to the total amount 
of dicarboxylic acid constituent units, and m B is the proportion (% by mol) of constituent units derived from 
1 ,3-bis (2-hydroxyethoxy) benzene to the total amount of diol constituent units; 
said polyester pellet having a density of not less than 1 ,350 kg/m 3 . 

2. A pellet according to claim 1 , wherein the melting point (Tm (°C)) satisfies the following formula (I'): 

[1/527-0.0017.1n(1-(m | +m B )/200)]" 1 -270<Tm<265 (I*). 

3. A pellet according to claim 1 or claim 2, having an acetaldehyde content of not more than 20 ppm. 

4. A pellet according to claim 3, wherein the acetaldehyde content is not more than 10 ppm. 

5. A process for preparing a polyester pellet, comprising 

blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 
to 0.8 dl/g, in an amount of 99 to 20% by weight, with (B) a polyethylene isophthalate copolymer before solid 
phase polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80% by weight, said 
polyethylene isophthalate copolymer comprising dicarboxylic acid constituent units derived from terephthalic 
acid and isophthalic acid and diol constituent units derived from ethylene glycol and 1 ,3-bis (2-hydroxyethoxy) 
benzene, 

pelletizing the blend, and 
crystallizing the pellet. 

6. A process according to claim 5, wherein the blend is heated to precrystallize it and then subjected to solid phase 
polymerization. 

7. A process according to claim 5 or 6, wherein the blend has a heat-up crystallizing temperature of not higher than 
190°C and is subjected to solid phase polymerization. 

8. A process for preparing a polyester pellet, comprising 

blending (C) polyethylene terephthalate after solid phase polymerization having an intrinsic viscosity of 0.5 to 
1.5 dl/g, in an amount of 20 to 99% by weight, with (B) a polyethylene isophthalate copolymer before solid 
phase polymerization having an intrinsic viscosity of 0.3 to 0.9 dl/g, in an amount of 1 to 80% by weight, said 
polyethylene isophthalate copolymer comprising dicarboxylic acid constituent units derived from terephthalic 
acid and isophthalic acid and diol constituent units derived from ethylene glycol and 1 ,3-bis (2-hydroxyethoxy) 
benzene, 

pelletizing the blend, and 
crystallizing the pellet. 

9. A process according to claim 8, wherein the blend is subjected to solid phase polymerization after crystallization. 

10. A process according to any one of claims 5 to 9, wherein the polyethylene isophthalate copolymer (B) has the 
following properties: 

50 to 98% by mol of constituent units derived from isophthalic acid and 2 to 50% by mol of constituent units 
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derived from terephthalic acid, based on the total mount of dicarboxylic acid constituent units, 

15 to 99% by mol of constituent units derived from ethylene glycol and 1 to 85% by mol of constituent units 

derived from 1 ,3-bis (2-hydroxyethoxy) benzene, based on the total amount of the diol constituent units. 
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